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FOREWORD

Recognizing the need for detailed syllabi for instruction in agricultural meteo-

' rology ancd for guidance with respect to appropriate textbooks, the WMO Commission for Agri-

cultural Meteorology (CAgM), at 1ts third session (Toronto, 19€2), decided to establish a
Working Group on Syllabi for Instruction  in Agricultural Meteorology. This group was
requested to prepare syllabi suitable for the different levels of personnel and to propose
a 1ist of appropriate textbooks, published lectures and monographs.

The group consisted of Messrs. G. D. B. de Villiers (South Africa), chairman,
R. Arléry (France), J. van Eimern (Federal Republic of Germany), K. i. King (Canada) and
Mrs. Z. Pieflak (Poland). :

The final report of the group was circulated to all members of the commission
for their information and comients and subsequently approved by the president of this
commission. In view of the importance of 1ts contert, the president of CAgM recomiended
that the report be published in a suitable manner. The report has accordingly been in-
cluded 1n the series of WMO publications intended for training purposes. It is expectad
that the French version will be published at a later date.

It may be appropriate to mention that the report of Professor J. Van Mieghem -
publisheo as WMO Technical Note No. 50 entitled The Problem of the Professional Training
of Meteorological Personnel of all Grades in the Less-developed Countries -- constitutes
a basic reference to the present publication. Moreover, sections of the syllabi contained
here will need to be completed by the relevant excerpts from Professor Van Mieghem's report.

I should 1like to take this opportunity. of expressing to the chairman and all
the members of the working group the sincere appreciation of the World Meteorolosical
Organization for the time and effort they have devoted to the preparation of this very
valuable report which will no doubt be of great assistance to all concerned with vraiaing
in agricultural meteorology. I e2lso wish Lo acknowledge with gratitude the assistance of
Mr. L. P. Smith, president of CAgM, and of memkors of CAgM who have offered useful sugges-
tions for the preparation of the final text.

5=

(D. A. Davies)
Secretary-General
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SYLLABI FOR INSTRUCTION IN AGRICULTURAL METEOROLOGY

1. INTRODUCTION

The syllabi presented in the following pages are based on a study of the desirable
qualifications and traip;lns of personnel employed in agricultural meteorology.

2, ‘ CLASSIFICATION OF PERSONNEL EMPLOYED IN AGRICULTURAL METEORCLOGY

It was agreed that personnel employed in agr_icultux;al meteorology can be classified
into two main classes: .

Personnel with a basic training in meteorology;
Personnel with a basic training in agricultural sciences.

In each of these two classes distinction should further be made between graduate and non-
graduate personnel.

When preparing syllabi foz:hthe various classes of personnel, the working group
distinguished the following groups of personnel:

(a) Professional meteorological personnel (graduates with basic training in
meteorology);

(b) Agricultural scientists (graduates with basic training in agricultural
sciences); A :

(¢) Technical assistants in agrometeorological services (non-graduates, with
training in rathematics and physics at the secondary- or high-school level).

3. DUTIES OF THE VARIOUS GROUPS OF AGROMETEOROLOGICAL PERSONNEL

As regards the duties of the various groups of agrometeorological personnel, the
working group considered that professional agrometeorological personnel and agricultural
scientists were responsible for the organization and supervision of agrometeorological
services and would carry out research in agricultural meteorology.

4, Technical assistants in agricultural meteorology would be responsible for the
following duties: agrometeorological observations (instrumental, visual, phenological);
installation, maintenance, checking and calibration of the instruments used, with the
exception of very delicate instruments the adjustments of which should be entrusted to the
professional officers; elementary processing of agrometeorological data: routine computa-
tion of averages, normals, frequencies, etc.; preparation of punched cards; statistical
analysis of agrometeorological data under guidunce of the professional officers; assisting
in research projects.

5. SYLLABL

In the following pages the proposed qualifications and training of these classes
of personnel are shown in the form of syllabi indicating the standard of knowledge required

.
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9. The proposed Syllabus I must be considered as the minimum requirement for the

SYLLABI FOR INSTRUCTION IN AGRICULTURAL METEOROLOGY

and the extent of the field to be covered. The working group agreed that syllabi should be
prepared for the three classes of personnel mentioned in paragraph 2 above, and that an
additional syllabus was required for the purpose of teaching agricultural meteorology in.
secondary schools of agriculture, horticulture and forestry. Further details are given in
the following paragraphs.

6. . SYLLABUS FOR PROFESSIONAL METEOROLOGICAL PERSONNEL

Syllabus I, proposed for candidates in this class of personnel, is given in
Annex I. For this syllabus the candidate must attain (or have attained) the required standard
of knowledge in physics, mathematics, meteorology and climatology, and have sufficient back-
ground in the biological and agricultural scilences (if he has not already taken a degree in
agriculture).

T.° It should be possible to take this syllabus:
(a) As part(s) of a four-year B.Sc.Agric. course in agrometeorology;

(b) During postgraduate work in agricultural meteorology after a degree in pure
sclenceg

(¢) During postgraduate work after a degree in agricultural science.

8. While instruction in biomeétry, botany (including plant physiology), crop science
and soil science is considered essential for this course in agricultural meteorology, a
knowledge of animal science, entomology and plant pathology may, under certain circumstances,
also. be desirable.

training of ‘professional agrometeorologists. As regards personnel of Meteorological Services
engaged in advisory tasks in agrometeorology, they should receive training in applicable parts
of Syllabus I.

10. SYLLAHIS FOR AGRICULTURAL SCIENTISTS

Syllabus II proposed for candidates 1n ‘this class is given in Annex II. A one-
year course in agricultural meteorology is proposed here for candidates who receive {or have
received) training in agricultural sciences. The purpose of the proposed course is to make
the, agricultural scientist (student or graduate) more conscious of weather and climate and
to irain him in measuring meteorological and climatic influences when the need may arise in
future research.

11. The standard of mathematics and physics required will be that of a first-year
course at university.

12. : Ii‘ the postgraduate work of the agricultural graduate leans towards agricultural
meteorology in animal, crop and soil studies, he may receive training in appropriate parta
of Syllabus I for nrofessional agrometedrological personnel.

13. SYLLABUS FOR TECHNICAL ASSISTANTS IN AGROMETEOROLOGICAL SERVICES

' Syllabus ITI proposed for this class of porsonnel is reproduced in Amnex TIII.
The standard of mthematics and physics required will be that of the secondary or high-school
hvelo

Y )
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14, SYLIABUS FOR TEACHING AGRICULTURAL METEOROLOGY AT SECONDARY SCHOOLS OF
AGRICULTURE, HORTICULTURE AND FORESTRY (The word "secondary" in this context
implies advanced education below university degree level)

Syllabus IV proposed for the purpose of teaching agricultural meteorology at
secondary schocls of agriculture, horticulture and forestry is give.i in Annex IV. This
syllabus corsists of a number of lectures and practical exercises to be introduced in the
programmes given at the professional secondary schools.

15. The purpese of introducing these iectures and exercises intu the programmes of
secondary schools of agriculture, horticultures and forestry is twofoid:

{a) To avoid eiementary meteorology being taught at universities and thus permit
them to use the time gained for training in agz_'icultural meteorology;

(b) To prepare a certain number of suitable observers for agrometeorclogical
stations.

16. LIST OF TEXTBOOKS AND PUBLISHED LECTURE NOTES OR MONOGRAPHS

In accordance with its terms of reference, the working group prepared a list of
textbooks and published lecture notes or monographs pertaining to instruction in agricultursl
meteorology. This list is reproduced in Annex V.

17. The works listed are arranged in alphabetical order of the names of the authors.

Outstanding works which may be considered as reference books are marked with an asterisk (*)
placed before the name of the author. Bibliographies of agricultural meteorology are given

separately at the end of the list.

18, When preparing the list of textbooks, the group complied with the following guiding
principles. Only works of a general nature were listed. As far as possible at least one such
work was given for each language or group of languages. If two works in the same language
were of similar nature and equal value, only the most recent work was listed. Works dealing
with too restrictive or specialized subjects were not included. Whenever a relevant Technical
Note existed, the title of this Note was inserted excluding all other works on the same sub-
Ject. .An attempt was made to include the most recent works; older works having an historical
. value were mentioned only in.a few cases. Nevertheless this bibliography cannot be regarded
as complete, and newer publications are constantly betoming available.




1.
1.1
1.1l.1

1.1.2

1.1.3

1.2
1l.2.1

1l.2.2

1.2.3

ANNEX |

SYLIABUS I
_ Syllabus for professional meteorological personnel

BASIC KNOWLEDGE REQUIREMENTS
Mathematics and physical sciences
Mathematics including scatistics

See Professor J. Van Mieshem's report, WMO Technical Note No. 50,
Annex II (p. 39).

Mechanics

See Professor J. Van Mieghem!'s report, WMO echnical Note No. 50,
Annex IT (p. 42). !

Physics
See Profegssor J. Van Mieghem!s report, WMO Technical Note No. 50,
Annex II (p. 42).

Biological sciences

Biometry

Application of statistics to planning and analysis of experiments
(see WMO Technical Note No. 50, Annex II (p. 41).

Soil science

CompoSition and formation of soils; weathering of rocks and minerals; the
soil profilé; simplc classification of soils; plant nutrition and soil fertility;
organic matter in soils} micro-organisms; the physical and chemical properties
of soil; soil and plant relationships; soil erosion: types, causes; principles
of soil conservation.

Botany

The morphology, anatomy and histology of flowering plants; systematic classi-
fication of plants; life-histories and reproduction of the more important plants;
economic botany.

BPlant physiology

The plant cell; solutions snd membranes; the roots of plants; the intake
of water and solutes by plants; the loss of water by plants; the processes of
photosynthesis, including COp requirements, respiration and growth in plants;

the translocation of water and mater:lals in plants; frost and drought hardiness;
photoperiodicity.

Ecology ,
Plant association, successions and climaxes.

oy ;
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1.2.“
1.2.“.1

1.2.“.2

1.2.1‘03

Crop production and mana gement

Field crops

Fhysiographic, climatic, edaphic and biotic factors in relation to plant
growth; crop production in relation to the agro-ecological conditions of the
country concerned; agronomic practices; crop and fodder production; land utiligsi-
tion and industrial crops.

Horticultural crops

Classification of horticultural plants; climatic and soil requiremenis;

elementary morphology and physiology; propagavion; pruning; orchard laycut and
culture.

Pastures

The origin, development and stabilization of vegetation' in reiation to the

environment; vegetation types, their management and application in veld menagement
the establishment and management of cultivated pastures.

Plant Bath& EY

Importance of plant diseases; causes and classification; diseases caused by
parasitic bacteria and fungi, viruses and non-parasites; influerice of environmental
factors on diseases of economic plants; principles of plant disease control.

Zoology
The elements of anatomy, histology and physiology; distinguishing charac-
teristics of the major groups of the animal kingdom; a knowledge of the morpholczy,

physiology and reproduction of representative types; elementary cytology, embrye -
logy and genetics.

5"%1_‘%£°N_@JN21212Q

The form, structure and functions of the locomotory, nervous, circulacory,
respiratory, digestive, excretory, endocrine and reproductive systems of farm
animals.

Animal husbandry and diseases of Livestock

The principles of animal production; the nutrition of farm animals; physiolo-
gical reaction to environmental changes in relation to food utilization; ecology
of livestock; factors influencing growth and development; important anima) diseases.

Entomology

Embryology, histology, physiology, ecology and the chemical, biological or
other methods of control of the more important insect pests injurious to vege-
tables, fruit trees, field crops and pastures, stored grain and grain products,
forests. .

Meteoroloy (Physical, dynamic and synoptic)

See Professor J. Van Miegiem's report. WwMO Technical Note Ne. 50,
Annex II (pp. 42-43).

Climatology

The concept of climate; the influence of large-scale geographical factors
such as ocean currents and the distribution of land masses and seas on climate;
study of the general circulation from & climatological point, of view; precipita-
tion: convective rain, orographic rain, cyclonic rain, the diurnal variation of

10
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2.

2.1.1

2.1.2

2.103 -

2.1.“
2.2

2.2.1

2.2.1.1

2.2.1.2

ANNEX I

pracipitaticn, meridional distribution of precipitation, the seesonal variaticn

of precipitiatlisi- viz. the equatorial type, tne tropical type, the subtropi: =l

type, the continental tyre, the maritime type, the monsoon type; cther climati:
elements: sunshine, temperature, cloudiness, evaporation, humidity, radiation --
their diurnal snd annual variations, their geographical distribution; classifica-
tion of climatss; global study of world climate; detailled study of the climaile of
the region or continent concerned; climatic changes; the utilization of clirograms
and paytoclimograms; the statistical manipulation of climate data on an advanced
level.

AGRICIULTURAL METECROLOGY

Introduction

The importance of weather and climate for agricultural production

The adaptation of plants, crops and animals to the climate; the necessiiy ot
adjusting farming systems to the natural environment; critical growth periods in
relation to temperature and soil moisture; the importance of weather and. climatic
data in determining the irrigation requirements of crops; climate in relation to
insect pests and plant diseases; production and cultivation practices in relation

" to climate; climatic hazards affecting agricultural output, e.g. droughi; hail,

frost, strong wind, etec.; effects of climate and weather upon storage and transpor-
tation.

Aqicultural meteorology

Definition, aims and scope; difference between meteorology and agricultural
meteorology; a short history of agricultural meteorology in relation to the needs

of agriculture and the development of meteorological apparatus.

. lational Meteorological Services and the World Meteorological Organizat.ion

(wno).

National agrometeorological organizations and the Commission tor ifgricultural
Meteorology (CAsM),

.Ag'rome'te‘orolog. ical observation:s. instruments, st’.aA’.ic'msl networks, and processing
" of data

Aerometeorological observations

Meteoreiogical observations

Units, accuracy required, sources of errors, exposure of instruments, general
rules and procedures for the observation and recording of pressure, air temperature,
atmospheric humidity, wind, sunshine and radiation, precipitation, soil temperature,
soil moisture content and soil moisture tension, evaporation, evapotranspiration,
interpretation and analysis of autographic charts; cloud classification, cloud
cover, estimation of cloud base; horizontal visibility; existing weather conditions;
state of the ground.

Biologicm. observations '

Observations on native plants, cultivated crops and trees, farm animals, dis-
eases, insect pests and’ general activities on the land.

or . ’:iiﬁ




2.2.2

2.2.2.1

2.2.2.2

2-2-2-3

2.2.2.4

2.2.2.4.1

2.2.2.5

2.2.2.6

2.2.2.7

ANNEX I

Instruments aud methods of observation

The choice of a site for an instrument enclosure; a detailed study of the
procedures for installation, maintenance, checking and calibration of the insuru-
ments used in agricultural meteorology.

Pressure

The mercury barometer: method of observat ‘on, exposure, transportation and
installation; correction of barometer readings to standard conditions: index error,

" gravity correction, temperature correction; the barograph, the aneroid barometer;

the hypsometer.

Surface wind

The pressure plate anemometer; cup and fan anemometers: the hand anemometer,
the totalizing anemometer, contact and generator types of anemometer and anemograph;
the pressure tube anemographj; the hot-wire anemometer; etec.

Duration of sunshine

Sunshine recorders; exposure, maintenance and evaluation of records.

Radiat 1on

Pyrheliometers, solarimeters, pyranometers, pyrradiometers, net radiometers,
illuminometers and devices for measuring the spectral distribution of solar radia-
tion. Instruments designed for use within crop canopies.

Estimates of radiation using sunshine, cloudiness and haze data,

Temperatu re

Liquid-in-glass thermometers: ordinary thermometers, maximum thermometers,
minimum thermometers, soil thermometers; reading a thermometer; electrical thermo~
meters: resistance thermometers, thermocouples, thermistors, auxiliary electrical
equipment; thermographs: bimetallic type, Bourdon-tube type, mercury-in-steel type;
thermometer and thermograph exposure: general requirements in order to obtain
representative air temperature, thermometer screens, artificial ventilation, ex-

-posure of grass minimum thermometers; the importance of calibration certificates;

possible sources of defects in thermometers and the variocus procedures to rectify
them.

Atmospheric humidity

Psychrometers: simple psychrometer without artificial ventilation, the sling
psychrometer, the Assmamn-type psychrometer, exposure and observational procedure,
care of the wet bulb, operation of wet bulb below freezing, sources of error in
psychrometry,.the psychrometric férmula, tables and slide rules; hair hygrographs:
general requirements, exposure, management and transportation, accuracy and sources
of errors, washing the hairs; dew-point and frost-point hygrometera; electrical
abeorptidn—type hygromsters.

Precipitation

The ordinary and totalizins raingmaas; rainfall recorders natural siphon
type, float type, tilting-buckst type, weighing type; rainfa.u intensity recorders;
snow measurements: snow depth and density; the measurement of rainfall and hail
by radar,

12




2.2.2.9

2.2.2.901

2.2.2.9.2

2.2.2.10

2.2.2.11

2.2.2.11.1

2.2.2.11,2

2.2.3

2.2.4

ANNEX I

Artificial grass mats and asbestos plates; Parchinger's absorption method;
the Leick porcelain platesy the paper-strip dew indicator; the Hiltner dew recorder;
the Kessler dew recorder; the dew balance of Monteiths leaf-wetness recorders.

Soil moisture

Soil moisture content: electrical resistance units; electrical capacitance;
thermal conductivity; neutron scattering; mechanical and chemical resistance;
gamma-ray absorption; nuclear magnetic resonance.

Soil mo sture tension: tensiometers; suction plate, pressure plate and pressure
membranes; absorption by porous material; vapour pressure and freezing point.

Soil temperature, l_:eat flow and soil propertggg

Different kinds of soll thermometers and thermographs; methods of measurement
of heat flux, heat flux plates, methods of measuring heat capacity, conductivity
and diffusivity.

Evaporation and evapotranspiration

Evaporation: small and large evaporation pans, porous, porcelain bodies, porous
wick devices; lysimeters; exposure, maintenance, scale, observations and entries,
calculations. Advantages and disadvantages of different types of pan let into
the ground and exposed above the surface; factors influencing evaporation from a
pan: depth of evaporating surface, rim effect, colour and size of pan, netwire
cover, microclimate; comparison of different types of pan. Evaporation from a
free water surface (pan) in relation to evaporation from other types of evapori-
meter. Estimating evaporation from empirical formulae based on Dalton's Law;
aerodynamic and energy balance approaches; eddy correlation and water balance
techniques. ' '

Evapotranspiration- lysim'eters: types and application. Various types of atmo-
meter and evaporation pan. Micrometeorological methods: aerodynamic energy-balance,
eddy correlation. Approaches of Thornthwaite, Penman, Blaney-Criddle, Haude, Turc,
Prescott, Hedke, Lowry and Johnson, Hoffmann and others. The relation between
actual and potential evaporation. :

Aqg_ometeorolog_cal stations and networks

Classification of stations: principal, ordinary and auxiliary; design of
networks.

Processing of agrometeorological data

Meaning of  an observation, errors of observation, .observations as samples of
a population, the use of statistical methods for the quality control and processing
of observationsy the collection, treatment, representation and storage of climatic
data, the tabulation and cataloguing of climatic observations, the publication of
climatic data; nomenclature of different maps used in climatology, climograms and
phytoclimograms; correlation between agrometeorological ard biological data; pre-
plu'ation of plans for. statistionl studies, systematic and accidental errors;
machine methods. The need: for simultaneous biological and meteorological measure-
ments of comparable accuracy and validity of sample.

2 ih




ANNEX I . 9

'} 2.3 Micromet".eorologr, microclimatology and topoclimatology
| 2.3.1 Definition and scope of micrometeorology, micro- and toporlimatology
2.3.2  Heat buiget at_the Earth's surface

Incoming and outgoing radiation types; net radiation. Heat flux in the
soil; soil temperature (see 2.4,1). Heat transfer in the lower air layers: free
convection, turbulence. Latent heat flux (see 2.4.3).

2.3.3  Temperature, humidity and wind relations near the ground surface
2.3.3.1 Variations in air temperature; temperature profiles (day and night).
2.3.3.2 Humidity fluctuations; wet and dry type moisture distribution profiles.

2:.3.3.3 Wind struct.re near the ground: laminar and turbulent flow; wind profiles;
effect of wind on microclimate, air pollution and dispersal of spores and seeds.,

2.3.4 Ihe influence of_ the ground surface on the microclimate

2.3.4.1 Tvpe, colour and structure of the soil, microclimatic soll ccver and cultural
practices.

2.3.4,2 The influence of soil moisture and soil freezing on the air layer near the
ground.

2.3.4.3 The microclimate above water surfaces: pools, lé.kea, rivers, sea.

2.3.4.4 The influence of snow cover and ice on soil- and microclimate.

2.3.4.5 The microclimate in the boundary zone between different types of soil surface,

2.3.5 The influence of plant cover (crops) on micrometeorology and microelimatology

2.3.5.1 The heat budget of plants.

2.3.5.2 Radiation penetratior and exchange within a low plant cover (crop) and within a g
tall plant cover (foreat). v

2.3.5.3 Air temperature and humidity within a plant cover.
2.3.5.4  Evapotranspiration within a plant cover; the leaf area index. =
2.3.5.5 Dew, rainfall-interception, leaf-wetness withir agricultural crops and forests. %

2.3.5.6 The influence of forests on the climate of the eurlound.i.ns area.

2.3.6  Ihe influence of %opograpy on the microclimate | 3
2.3.6.1 The radiation budget of different slopes. .

2.3.6.2 The influence of topomplw on day- and night-time temperature profiles, on
temperature distribution, cold air drainage, frost hollows, etc.

2.3.6.3 The influence of topography on air humidity.-
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2.3.6.4 The influence of topography on wind speed and wind direction.
2.3.6.5 Local winds: down- and up-slope winds, down- and up-valley winds.
2.3.6.6 The influence of tc¢pography on soil temperature and soil moisture.
2.3.6.7 The influence of topography on rainfall.

2:3.7 Instrumentation and methods_¢ of observation for micrometeorological al and
microclimatological measurements see section 2.2. 23'

2.3.8 Methods of evaluating and presenting micro- and topoclimatological data
2.3.8.1 The use of statisties in microclimatology.

2.3.8.2 Methods for estimating long-range macroclimatological possibilities from short-
term micreclimatic measurements.

2.3.8.3 Representation of microclimatological results: diagrams, large-scale maps, etc.
2.3.9  Importance for agriculture of the air layer near the ground
2.3.9.1 Influence of the variation in and the distribution of radiation temperature,

humidity, and wind profiles on plants, animals, insects and plant diseases.
(Instruction; details to follow in 2.7.)

2.3.9.2 Influence of the microclimate on soil management practices, plant disease control
(spraying, dusting), irrigation, combined-harvesting, etc.

2.3.10  Modification of the microclimatological environment

2.3.10.1 The modification cf the climate within plani: covers (crops) by planting, manuring,
cultivation, etc.

2.3.10.2 The influence of shading, mulching, glass screens, walls, changing the colour of
the s01l or screens, and irrigation on the heat and water budget of plant covers
and on the whole microclimate.

2.4 Soil climate
2.4.1 Soil temperature

2.4.1.1 Heat exchange at the soil surface

: The soil heat flux as part of the energy budget; factors affecting the
soil heat flux; sharing of heat between air and soil.

2.4,1.2 Heat conduction in the soil

The classical theory of heat conduction in solids; transfer of heat by
movement of water and water vapour within a soil.

2.4.1.3 Thermal properties of soils, their variation and measurement

Heat capascity; oonductivity; diffusivity.
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Soil_:.emperature variations

Diurnal and annual cycles at the surface and other depths; theory of periodic
temperature variations; equations for calculation of temperature at any depth and
time given certain boundary conditions; Fourier analysis of soil temperatures;
non-periodic variations of soil temperature; application of Laplace transforms to
soll temperature studies; sinusoidal temperature variations in natural layered
solls.

Factors influencing soil temperature

Source and amount of heat; the energy balance; latitude, slope of land,
distribution of land and water; soil colour, albedo in different parts of the
spectrum; thermal properties of soil; soil moisture, evaporation and condensation;
vegetative cover, snoWw cover; frost penetration.

Shading; mulching, changing colour of surface; irrigation and drainage;
tillage; glass and plastic covers.

Influence of soil temperature on agricultural production

Influence of soil temperature on plant growth; germinatior. and seedling
emergence, sprouting of bulbs and tubers, growth of roots and shoots, effect on
nutrient uplake. Interactions between soil and air temperatures on plant growth,
crop quality; extreme soil tomperatures and plant injury, plan:t diseases, extent,
thickness and duration of sncw cover, alternate freezing and thawing, soil heaving,
moisture movement. Influence of soll temperature on activity of micro-organisms:
distribution, growth and numbers; decomposition of organic matter; ammonification
and nitrification; soil aggregation. Influence of soll temperature on insect life.

Soil_moisture

Soil moisture content '

Percentage by weight, percentage by volume, bulk densi‘y, hygroscopic water,
capillary water, gravitational water.

Soil moisture-energy relations

Total potential in the soil systen, the capillary potential, free energy,
soll moisture potential pF and log-tension, relation between soil moisture content
and soil moisture tension for different types of soil.

The movement of water in the soil

Movement of liquid water in saturated and unsaturated soils; movement of
water vapour; movement in relation to plant-root extraction.

The influence of soil moisture content and pbtentia.l on plant growth

Fleld capacity; wiltifig point; available ’soil moisture in relation to germi-
nation, transpiration and vegetative growth, maturation and yield of crops; critical
growth periods; farming systems  in relation to -available soil moisture; the impor-
tance of water conservation for agricultural purposes.

' 16
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2.4.3  Evaporation and evapotranspiration

! 2.4.3.1  Evaporation

i The theory of evaporation; factors influencing the evaporation from a free
x water surface: radilation,_ temperature of the water surface, wind movement, air

pressure, quality of wate;. Evaporation losses and the future of evaporation pans
in agricultural research.

p 2.4.3.2 Evapotranspiration

) : . The individual and combined influence of soil, plant and climatic factors
: on evepotranspiration.

2.4.3.3 Irrigation scheduling

2.4.3.3.1 Effect of soil, crops and climatic factors on irrigation needs.

2.4.3.3.2 Application of estimating evapotranspiration on the scheduling of irrigation.

2.5 The hydrological cycle in iculture
2.5.1 The hydrological cycle '

Rainfall and its interception by plants, crops and forests, runoff, infil-
tration, moisture retention of the soil, percolation, evaporation, evapotranspira-

tion; its importance in agriculture; effects of agricultural pract.ices on component
parts of the cycle.

2.5.1.1 Soil moisture budgets; use of models appropriate to alternative husbandry practices,
fallow periods, irrigation etc.

2.5.2 Droughts (long period)

Definition; possible causes; frequency; principal drought-afflicted areas
and countries; long-term planning against drought; the possibility of cloud stimula-

tion.
2.5.3  Exgess of precipitation

2.5.3.1 Runoff, soil erosion and their control.
2.5.3.2 Floods: causes, frequency, prediction and control.
2.5.3.3 Snow melt.

2.5.4 Ha1l

Occurrence and frequency of hail storms; extent and pattern of hail damage;
meteorological conditions favourable for the formation of hail; types of hail-
stones; artificial preventiun of hail, statistical evaluation of experimental
results; experimental procedure for growing artifical hailstonesg radar studies
in oonnexitn with hailstorms.

2.5.5 Dew

The theory of dew formation; contiitions favouring the formation of dew;
the importance of dew for plants, plant diseases, animals and insects.

& 17
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Soil moisture (see 2.4.2)

Evaporation and evapotranspiration (see 2.4.3)

Biological measurements (phenology)

Introduction

Definition, history, the need for phenological data and studies for agriculture.
Phenological observations for agriculture
Phenological observations of plants, Plants (native and cultivated) and their
growth phages: time of germination, emergence, shooting, flowering, ripening,
harvesting, defoliation, eto.

Measu_rement of plant-growth (phenomatry). Ieaf-slize. length of stalks, thickness
of tubers, etc.

Observations of birds, insects and diseases: migration, appearance, outbreak of
diseases and epidemics.

Collection of data. Networks and stations, phenological gardens.
Evaluating of phenological data
Examination of data and possible errors.

Statistical methods: mean values, parallelism of different phases, duration of
growing periods, etc. :

Representation of data, dlagrams, maps, profiles, etc.

Research

Research on observations made at one station (time sequence, etc.).
Research on observations at different stations (area analysis, etc.).
Periodicity and prediction.

Influence of weather, climate, topography, soil, etc. on biological events.
Application to_agriculture

pelimitation of natural growing (farming : areas.

Phenological climatology.

Management decisions, mmtion.'bptc.

Improvement of cultural mctices.'

Forecasting of biological phenomena for crop productidn, plant disease-control
and seasonal operations (see 2.11.3).

ot 18
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Advising for agricultural trade and commerce (export, import, etc.) (s-e 2.11.1).

Weather and climate in relation to plants and crops, animal production, insects
and plant diseases

Plénts_and crops

Growth and devélopment in plants: annual life cycles phasic divisions of the plant;
measurement of growth and developrment.

Effect of weather factors on the growth and development of plants and on quality
and quantity.

Air temperature: plant temperatures; cardinal temperatures; optimal temperature
ranges; temperature efficiency; temperature and transpiration; thermoperiodism;

low temperatures: stimulating effects, cold injury, the hardiness problem, frost
damage and frost resistance (see 2.9); insufficient cold during dormant period,
delayed foliation of deciduocus fruit trees; high temperature injury: sun-scald;
importance of temperatures over the whole growing seascn and durins critical growth
periods; heat unit systems.

Intensity, duration and quality of light: effects on photosynthesis; optimum leaf
area index; photoperiodism; transpiration; germination; reproduct:icn; growth formss
physiological characteristics.

Atmospheric huniidity; optimum humidity ranges for growth; effects on transpiration
and plant diseases.

Wind: effects on: transpiration; desiccation; dwarfing; deformation; anatomical
modifications; pollination; dissemination.

Soil temperature: (see 2.4.1.7).
Soil moisture (see 2.4.2.%),

The climatic requirements of crops, e.g. corn, wheat, small grains, sorghum,
cotton, tobacco, sugar cane, sugar beet, fruit trees (tropical, subtropical and
deciduous), vines, berries, vegetables, etc., the adaptation of plant to the
environment; use of climographs in introducing new varieties. FPlant-climate
relationships and the use of phenology in ascertaining the thermal and photo-
thermal requirements of crops, e.g. wheat, barley, rye.

Well-established relations between weather and climatic factors, severzlly or
Jointly, on the growth and quantitative yield of crops; critical periods for
growth a:nd production; significance of such studies for crop forecasting
(830 2.11-3).

Influence of weather and climate over the growing season upon the quality of the
crop, the length of its storage life or storage behaviour, e.8. deciduous fruit.

Animal production

Thermal balances the necessity of maintaining a thermal balance in animals between
heat production or gain from the environment and heat lost to the enviroment;
the thermal balance equation.

] R &
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The direct effects of weather and climate upon livestoclt production: the effects
of solar radiation, temperature (high or low), atmospheric humidity, length of
day and altitude, severally or Jointly, upon respiration, pulse rate and body
temperature; loss of water from the body; growth rate and body weight; reproduc-

tion; grazing habits and food intake; mild production; sunburn, skin cancers and
photosensitive disorders.

The indirect effects of weather and climate upon livestock production:s effects of
weather on the gross yield and quality of feed supply and hence on rate of growth
and on milk production; regional effects of seasonal weather and climate upon the
type, spread and intensity of parasitic diseases, influence of weather on diseasas
caused by viruses, bacteria, protozoa, helminths and metabolic disorders; use of
meteorological data for forecasting disease ocutbreaks (see 2.11.3); effects of
weather on the storing and handling of animal products.

Acclimatizavion

Comfort zone for different breeds of animals; differences between species and
breeds in their ability to withstand extreme climatic conditions; symptoms of
inadaptability.

Adaptation to new environments: heat stress in relation to acclimatization;
the Bergman law; physiological adaptation.

Use of climographs in evaluating the possibi. lity of adaptation to new envi-
ronments .

Overcoming climatic disadvantages by selecting and breeding.

The climatic aspects of livestock production in super-humid, humid, sub-humid,
semi-arid and degert areas

Protection against cold and excessive radiation

Ioss of stock in cold weather; the need for shelter: shade trees, artificial
shelters and air conditioned barns (see 2.12.3); protection against excessive
radiation: ameliorating thermal stress on animals bty such methods as shading,
sprinklers, mechanical air circulation, wallows and air conditioning; the effect
of heated barns on milk and butterfat production; effect of shade on rate of
growth,

Research: instrumentation

Direct observations in the field; psychrometric chambers; thermometers,
thermocouples and thermistors for measuring rectal and skin temperatures; instru-
ments for measuring the cooling power of the air, e.ge. the katathermometer, frigori-
meter, coolmeter, hot-wire anemometer; climatic indices for indicating heating
or cooling power of the air,

Insects

'Effects of weather factors on insect life and activity

The effect of radiation, temperature, atmospheric humidity, light, air
movement, atmospheric pressure and electricity on such physiological processes
and insect activities as respiration, development, duration of life, reproduction,
stridulation, movement, flight and dispersion; effect of daily and seasonal changes
in weather on the daily rhythm and seasonal cycles of insects.
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Climate and insect distribution

Vital limits.for insect life; climatic factors assisting and limiting the
dispersal of insects; the importance of ecoclimates and microclimates in the
distribution of insects; use of climographi in studying insect distribution;
acclimatization.

Effect of climate on abuandance

Direct effects of temperature, precipitation, wind, atmospheric pressure,
thunderstorms or a combination of these factors in insect abundance; influence
of climate upcn the number of generations; indirect effects of climate on food
and natural enemies; climate in relation to control, course and periodicity of
outbreaks.,

Forecasting

(See 2.11.3)

Bioclimatic studies on insect pests: procedure

E&fl’g sﬁgi_l&gs: physiological life-history; climatic observations (normal
and microcﬁmatic’: analysis of meteorological data; quantitative studies on
insect abundancej correlation of climatic data with quantitative data.

Artificial climatic studies: Contrclled climatic chambers, biotron.

FPlan eases

Weather factors conducive to infection

Tgu_ager_e&_;m;: optimum temperatures for infection; effect of temperature on
incubation period; effect of high temperatures on spo:ulations of fungus pathogens
and longevity of sporess tempersture in relation to disease proneness of the host.

Aumidity: the importance of free water (rain, fog, dew, water of guttation,
snow cover and duration of surface wetness for spore germination and infection;
the effect of high atmospheric humidity on sporulations of fungus pathogens and
on longevity of spores.

Lid’xt: injuries to infection process by light.

Wind: dissemination of fungus spores and bacteria by wind; windbreaks in
relation to infection.

Electrostatic charge: possible effects of electrostatic charges carried
by fungus spores on epidemiology of disease.

Effects of temperature and moisture oh the seasonal and geographic distribution
of diseases

Methods and techniques

Correlations between natural or induced diseases and meteorological records
or of synthesized enviromments; the need for micmcliutic observations; artificial
cnmm greenhouses and plutotms .

Diseasge for'ecastug
(See 2.11.3)

L

. e
e




2.7.4.5

2.8

2.8.1

2.8.2

209

2.9.1

20902
2 090201

2.9.2.2

2.9.3

2.9.;

2.9.;.1

2090402

ANNEX I 17

Y
Treatment of a few typical plant diseases

For example: apple scab, caused by fungus Venturia inaequalis; potato late
blight, a fungus disease caused by Phytopthora infestans; wheat stem rust caused
by a fungus Puccinia graminis tritici.

(Diseases appropriate to the area concerned to be selected.)

Agroclimatic classifications
Existing classifications:

The need for agroclimatic classifications; existing clagsifications (for
details, see section 7.3 of the Guide to Agricultural Meteorological Practices.
WMO - No. 134. TP. €1); limitations of the present classifications.

Factors to be considered in agroclimatic classifications

Elements important to the vegetative growth of plants, e.g. water balance,
temperature, duration of frost-free period, duration of sunshine;

Elements important to the development of successive phases in plan’ life,
such as, for example, day length; annual temperature variation; daily temperature
range, both in the warm and cold seasons; duration of frost-free period; duration
of rainy and dry seasons.

Frost and protection against frost

Economic phagses of frost protection; the extent of damage to crops by frost during
the growing season and by freezing temperatures during the winter; the possibility
of minimizing frost damage to plants. .

Prysical processes involved:
Causes of frost.

Radiation and advective frosts

Seasonal occurrence; related weather patterns; donor areas and the flow and
pooling of cold air; temperature inversions; effect of soil conditions, ground
cover and cultural practices on frost intensity.

Pnysiological processes involved:
Theories on mechanism of frost injury; frost hardiness; oritical temperatures
for plants and crops.

Erost protection methods

Diminution of frost damage by changing the microclimate by temporary or permanent
measures,

Passive methods

Iocationofwimmaé; choice of growing season; time of planting and
sowing; selection and breeding; sultivation practices: soil management, plant
mnagenent, use of growth regulators. :
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Active methods

Pre-irrigation, coverings, smoke and artificial fogs; wind machines;
sprinkler irrigation; orchard and soil heating; a combination of two or more
of these methods.

Frost combating

Operational procedure; applicable frost protection methods; critical tem-
peratures and when to protect; coverage, economic phases of frost protection:
type of crop to be protected; installation, overhead, operation, fuel storage -
costs; comparative costs of frost protection methods.

Advisory_services to farmers

Climatological temperature surveys and microclimatological variations;
advice to farmers on choice of crop species and varieties, choice of growing
areas, choice of planting dates, source regions of cold air, frost risks,
average date of last frost in spring and first frost in fall, length of growing
season, probability of frost occurrence, frequency and severity of frosts,
establishment of microclimatic frost stations.

local frost-fighting organizations.

st forecasts and warn

(See 2.11.3)

Windbreaks and shelterbelts

Introduction
Definition of windbreaks and shelterbelts; the need for protecting soil,

soil-water, plants and animals, or for improving the soil-, micro- and crop-
climates by windbreaks or shelterbelts.

Effects of_shelterbelts on the micro- and soil climate

The modification of the microclimate, especially wird speeds, by using shelter-
belts and windbreaks. . ’

On airflow:

The effect of width, shape and density o shelterbelts on airflow when wind
is blowing perpendicular, oblique or parallel to the belt; the effectiveness of
different systems (parallel rows or networks of belts) on air flow; wind condi-
tions at the ends of and at gaps in shelterbelts; the effect of surface roughness

and thermal stratification; the effect of topography.

On Heat balance:
On radiation; air and soil temperature.

On water balance:

On atmeplmicxwtyg dﬂgfm:lﬁ fog precipitation; precipitation;
snow-cover~; evapotranspirationg 's;oi_i‘ moisture.

Counteracting wind and water erosion by shelterbelts
onoy 'a .
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2.12.1

Effects of shelterbelts
On crops, livestock, fauna and buildings.

Climatological information required in the regional planning of shelterbelts
and windbreaks.

Meteorological, agricultural and biological observations in long-term trials on
the effects of shelterbelts and windbreaks.

Selecting, planting, care and maintenance of shelterbelts.

Information, forecasts and warmings for agriculture and forestry

Agrometeorological information
Bulletins (pentad, weekly, decadal, monthly)

Organization of information service: code, network, communications, sending
in reports, synoptic method of working out bulletins, issue and distribution.

Neather forecasts

General weather forecasts

Weather forecasts covering a period of time as required by agriculture
(period of vegetation; ten days, & week, five dayn) given in simple clear wording;
stress on fantors particularly important for agriculture such as strong winds and
cold waves, trost possibility, heavy rain, storms, droughts, etc.; daily weather
forecasts on a regional scale giving a rough estimate of tne essential factors,

e.g. temperature, cloudiness, precipitation (seasonal and climate change fore-
C“ts)o

Special weather forecasts and waming

Weather forecasts relating to the seasonal requirements of cultivated
plants, e.g. the planting and growing season, frost, plant diseases, noxious
insects, spraying and dusting operations, irrigation requirements, harvest condi-
tions, post=harvest and storage conditions, weather during transport of agricul-
tural products, forestry operations, fire weather (including forest fire warnings),
agricultural aviation, ete. ~

Agrometecrological forecasts

Local frost forecasts: formulae for predicting minimum air temperature;
the importance of the "no-danger"” forecast. Soil mmidity forecasts. Forecasts
of dates of successive phases of plants development; forecasts of yield and crop
quality. Forecasts and warnings concerning livestock; disease forecasting:
forecasts on relative abundance, expected periods of increase or decrease, time
of peak infestation. Forecasts on the distribution, outbreaks and seasonal
events of insects (pests and beneficisl). Parameters used in forecasting. The
most widespread methods. Issue of forecasts and warnings.

Artifioial climtes

Glasshouses, cloches, hotheds, etc.
Ventilation; heating and cooling; illumination; soil moisture and evapotrans-
piration.
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Growth_cabinets, growth room, phytotron, climatron, biotron
The variation of all meteorological entities over a wide range.

Animal and poultry houses

Site orientation; colour; texture; construction; ventilation; heating and
cooling; air composition; humidification; illumination; photoperiodicity; quality
of light; air and litter moisture content; air circulation. )

Storage rooms, clamps, pits.
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SYLLABUS IT

Syllabus in agricultural meteorology for _graduates

in 'agricultural sc'iences'

I. THEORETICAL COURSE
INTRODUCTION

The concepts weather and climate (macro-, meso- and microclimate).

The importance of weather and climate for agricultural production
zEasentially a revision subJect; the extent will depend on the sta.ndard of previous

instruction)

The adaptation of plants, crops a.nd animals to the climate; the necessity of
adjusting farming systems to the natural environment; eritical plant-growth periods
in relation to temperature and soil moisture; the importance of weather and climate
data in determining the irrigation requirements of crops; climate in relation to
insect pests and plant diseases; production and cultivation practices in relation
to climate; eclimatic hazards affecting agricultural output, e.g. drought, hail,
frost, strong winds, ete."

Micultural meteoroloﬂ

Definition, aims and scope; difference between meteorology and agricultural
meteorology; a short history of agricultural meteorology in relation to the needs
of agriculture and the development of meteorological apparatus.,

National Meteorological Services and the World Meteorological Orga.nization (wMO).

National agrometeorological organizations and the Commission for Agricultural
'Meteorology (CAgM)
&

'IHE ATMOSPHERE AND PRESSURE VARTATTON

Its nature, composition and properties; air pollution, carbon dioxide; extent
and - stx'ucture° tropospliere, stratosphere, mesosphere, ionosphere and exospherc;
pressure of the atmosphere; units; variation of pressure with height; mercury
'barometers; the nneroid b«,rometer; the barograph; altimeters.

Daily and seasonal eariations; some effects of variations in air pressure
upon animals and insects. .

'

RADIATION ™ THE A’IWSPHERE _ . _ L
Sources of heat for the atmosphere;, ~'t'.—l';e sun and radiant energy; the electro-

magnetic spectrum; Wien a-nd Stefa.n—Boltmarm radiation laws; Ia.mbert's law; the
. solar. constant. o . -

1




22 ANNEX II

Seasonal and latitudinal variation in length of day. Factors influencing
the amount of re.diation incident upon the Earth's surface; absorption, reflectiun
and transmission; albedo; terrestrial radiation,

° Instruments for measuring incoming solar radiation; pyrheliometers of
Angster and Abbot (silver disk) for measuring direct radiation; the Eppley and
Moll-Gorczynski actinometers and the Robitzch bimetallic actinograph for measuring
direct and diffuse radiation. .

Energy in different parts of the spectrum and its biological significance;
11lumination. Penetration of radiation through a crop canopy.

Radiation balance: 1its importance to plant and animal processes. Bright
sunshine duration and its measurement, e.g. with the Campbell-Stokes, Marvin
and Jordan photographic recorders.

4, METEOROLOGICAL, ELEMENTS

4,1 Air temperature

Different temperature scales; representative air temperature and 1ts measure-
ment; thermometers and thermographs (liquid-in-glass , deformation, liquid-in-metal,
. electrical resistance thermometers, thermocouples, thermistors); maximum, minimum
and mean air temperature; daily and seasonal variations; vertical temperature gra-
dient; temperature inversion; 1isotherms. The importance of temperature in the
growth of plants ; frost-free growing season; vegetative period. :

42 Atmospheric humidity

Water vapour in the atmosphere and 1its variation with height, importa.nce in
‘determining the possibility of rain, snok and hail and its role in the development
of thunderstorms; importance in the growth of plants; effect on the loss of heat
from the human and animal body. Absolute humidity, relative humidity, saturation
deficit, dew point, specific humidity, mixing ratio, vapour. pressure. Daily varia-
tion of the absolute and relative humidity, and their variation with height and
latitude. Instruments for measuring humidity, absorption hygrometers; the psychro-
‘metric formula.

4.3 Condensation, precipitation and ev aporation

The process. of condensation in the atmosphere; 1its ir'portance in the formation

L of fog, clouds, -rain, hail, snow, frost and dew. Fog and cloud formation; a simple
classification of clouds, cloud covers. Thunderstorms: formation, frequency;
lightning; precautions against lightning, hail; the s*ructure of hailstones;
theories of hail formation. Precipitation; the size and rate of fall of raindrops;
types of rain; seasonal variation of ‘rainfall; the measurement of rainfall (the :

;-~;‘. . ordinary raingauge and continuous rainfall recorders, rate-of-rainfall recorder); i
. snow and -its: measurement; statistics on extreme precipitation. The process of
evaporation;. factors influencirg .the rate of evaporation; simple. formulae for
calculating the rate of; evaporation. Instruments for measuring evaporation. The
relation between evaporation from a free water surface and evaporation from moist
‘soil and ‘leaf surfates. Degrees of error inherent in measurements and in estimates
from calculations.

ot
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4.4 Winds and circulation patterns

yind and a'.r currents; the cause of winds; direciion, speed and pressure;
windroses 5 daily ‘and “seasonal” ‘variations and variation with height The measure-
ment of wind direction and speed. Isobars, field of pressure, pressure gradient.
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The general circulation of the atmosphere; the effect of the Earth's rotation on
the flow of winds across the isobars; Buys Ballot's law. Planetary, terrestrial
and continental winds. Land and sea breezes, mountain and valley winds of local
importance, e.g. Fdhn or Chinook, Bora, Harmattan, Mistral, Sirocco. The
tropical oyclone or hurricane; tornadoes; water-spouts; duststorms. The extra-
tropical cyclone: 1ts origin. The polar-front theory; air masses; weather along
the cold and warm fronts; the occluded front. Anticyclonic or high pressure
systems and associated weather.

WEATHER AND CLIMATE

Pressure systems and other factors such as latitude, altitude and sea currents
affecting the country's weather and climate. Discussion of climate of the country
concerned; the distribution and intensity of rainfall and its efficiency for agri-
cultural production; temperature: seasonal variation and extremes of temperature

affecting agricultural output; lack of sufficient sunshine; excessive evaporation.
Climatic trends and changes.

MCROCLIMA'I‘OIDGY

The importance of the air layer near the ground to agriculture. Heat exchange
at the ground surface; the flow of heat into the ground; soil temperature and its
effect on plant growth and soil activity; factors affecting soil temperature;
instruments for measuring soil temperature. : Air temperature, humidity and wind
variations in the micro-layer; the importance .of these variations for plants,
animals insects and plant diseases. Influence of type and soil condition, plant
cover and topography on the microclimate. Influence of the microclimate on the
formation and occurrence of frost; diminishing frost damage by altering the micro-
climate. The influence of shelterbelts and framing systems on the microclimate.

CLIMATIC HAZARDS ADVERSELY AFFECTING AGRICULTURAL OUTPUT

Insufficient soil moisture during critical growth periods

The hydrological cyecle: rainfall, infiltration, moisture retention capacity
of the soil, percolation, runoff, evaporation, transpiration and evapotranspira-
tion. The importance of soil moisture for plant growth. Soil moisture measure-
ments, soil moisture conservation; farming systems in relation to available soil
moisture in the arid, semi-arid, sub-humid and humid regions. Irrigation and
supplementary irrigation; water conservation. Application of climatic data in
scheduling irrigation; estimating actual and potential evapotranspiration.

Droughts (long period)

Definition; possible causes; frequency; principal drought-afflicted areas;
long~-term planning against drought; the possibility of cloud stimulation.

Hail
Frequency of hail storms; hail damage and its prevention.

Frost and frost oombatigg

mtent of frost damage; mtensity and frequency of damaging frosts; sensi-
tivity of plants "to low tempera.tures; ‘radiation and advective frosts; methods for
predicting ‘frost conditions; methods of preventing frost damage at the time of
planting; ways of diminishing frost damage, e.g. cloches, chemical smokes, orchard
heating sprinkler irrigation, wind maohines. :
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9.

10.

11.

12.

- AGROCLIMATIC STATIONS

' Strong winds

The importance of windbreaks and shelterbelts; the detrimental effects of
strong winds on plants, animals and the soil. The effects of windbreaks upon the
environment. Different types of windbreak; the advantages and disadvantages of
shelterbelts. Trees and types of shelterbelt suitable for local conditions.

ECOLOGY OF CROPS, ANIMALS AND INSECTS

Well-established relations between meteorological and climatic factors,
severally and jointly, on the growth and yield of crops and animals; effect of
weather and climate on insect pests and plant diseases. Climatic requirements
of crops, fruit trees and animals with respect to heat, light and moisture. Adap-
tation of plants and animals to the climate.: '

2
Classification (principal, ordinary and auxiliary); networks; observations;
equipment; relevant biological observations.

The processing, tabulation and interpretation of agrometeorological data;
statistical and mathematical methods of analyses.

-

CROP FORECASTS ‘
Crop forecasting tethniques and examples of forecasting time of emergence

.of seed, vegetative growth periods, flowering, maturity and yield of crops.

INVESTIGATIONS AND RESEARCH

Development of crop-weather relationships; use of semi-empirical models«

SPECIAL WEATHER FORECASTS FOR AGRICULTURE

Elementary forecasting technique, interpretation of daily weather charts;
frost danger warning for crop protection; veld and forest fire warnings; planting

and harvesting weather forecast; insect and disease forecast; spraying and dusting

weather forecast; livestock weather forecast; post~harvest and storage forecast;
agricultural aviation foreca.st, warm and cold spells; wet and dry spells; severe
weather. o . ‘

IX. PRAC'I'ICAL COURSE

PRACTICAL WORK ON METEOROLOGICAL INSTRUMENTS AND ME.THODS OF OBSERVATION

Pressure .. . . ... -

Units and relation between different units, reduction of pressure to other
levels; mercury barometers, method of observation;. correction of barometer readings
. .. ‘to.standard conditions: index error, gravity correction, temperature correction;

. exposure, transportation and 1nsta11at1on of the mercury barometer, the barograph:
care and mginteoa;xoe. - valua.tion of the records. the, aneroid barometer.




l.2

1.3

1.5

1.6

1.7

1.8

1.9

Surface wind

Units; relation between different speed units; determination of true north,

- the compass points; estimation of wind speed, the Beaufort scale; different types

of anemomcter and anemograpm evaluation of the records; exposure of wind
equipment. :

Temperature

Fahrenheit, Celsius and absolute temperature scales; liquid-in-glass thermo-
meters: the ordinary thermometer, the maximum thermometer, the minimum thermo-
meter, the soil thermometer, reading a thermometer; electrical thermometers:
the resistance thermometer, thermocouples, the thermistor, auxiliary electrical
equipment; thermographs: the bimetallic type, the Bourdon-tube type, the mercury-
in-steel type, evaluation of the records; thermometer and thermograph exposure,
general requirements  in order ‘to obtain representative air temperature, thermometer
screens, artificial ventilation, exposure of soil thermometers and grass minimum
thermometers; the importance of calibration certificates; possible sources of
defects in thermometers and the various procedures to rectify them.

Duration of sunshine

Sunshine recorders; exposure and installation of sunshine recorders; evalua-
tion of the records. -

Atmospheric humiditx :

Units and methods; simple psychrometer without artificial ventilation, the
sling psychrometer, the Assma.nn type psychrometer, exposure and observational
procedure, care of the wet bulb, operation of wet bulb below freezing, sources of
error in psychrometry, the psychrometric formula, tables and slide-rules; hair
hygrographs: general requirements, exposure, management and transportation, accur-
acy and sources of errors, washing the hairs, evaluation of the records; dew-point
and frost-point hygrometers; electrical absorption-type hygrometers.

Prec 121tétion

Units; errors and accuracy of reading; the ordinary and totalizer raingauges;
rainfall recorders; rainfall intensity recorders; evaluation of the records;
exposure of raingauge: general rules, influence of strong and gusty winds; rain-
fall measurement on slopes; snow measurements; dew and leaf-wetness measurements.

Eva&rat ion

The main classes of evaporimeter: large evaporation tanks, small evaporation

tanks, porous bodies, porous paper wick devices; exposure, maintenance, scale, ob-
servations and entries, calculations,

So1l moisture

Units of measurement, visual observation, -gravimetric method, obtaining per-
centage moisture by volume, tensiometers, electrical methods, thermal methods,
neutron scattering method, gamma ray absorption method.

Radiation

Units, types of instrument; éstimé.tes from simple data.
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ANNEX II

PRACTICAL WORK BASED ON THE THEORETICAL COURSE

Climatological analysis: processing of observation data preparatory to ultimate
use and interpretation, e.g. averages, normals, frequencies, standard deviation,
etc. Study of the climate of the region or continent concerneds statistical
analysis of representative climatic elements, the drawing of isopleths, etc.

Calculation of derived parameters, e.g. evaporation, radiation, climatic indices;
testing of "models".

A 'étudy of the variation of temperature, humidity and wind in the micro-layer.

A microclimatological study of a ‘suii_:able area,

" A-study of the influence of different windbreaks and shelterbelts on the micro-

climate.
A study of frost-protection methods.
A study of meteorological aids to irrigation practice,

Analysis and interpretation of elementary synoptic charts; preparation of routine
forecasts; examples of special weather forecasts for agriculture.

Practical crop-forecasting, including yields, quality, sowing and harvest dates.

' . A monograph by each student on the application of agrometeorology to his or her

particular field of study in agricultural science,

besattam bt
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SYLLABUS TIII

Syllabus for technical assistants
in agricultural meteorology

BASIC KNOWLEDGE REQUIREMENTS -

Mathematics and physics

. The standard of mathematics and physics required will be that of the secon-
dary-school level.

Astrono and sical geogra

A geod h\owledge of the universe, the solar system, Sun, Moon and Earth.

Biological sciences

An elementary hxowledge of appropriate biological sciences.

General meteorology
The nature of the atmos _phere '

Composition and properties; atmospheric pollution; extent and structure:
the. troposphere, the stratosphere, the mesosphere, the ionosphere, the exosphere.

Pressure

Definition; Toricelli's experiments; the mercury barometer and its corrections;
isobars; pressure variation with altitude.

Winds and eirculation gatterns IR

_ Wind and air currents the cause of winds 3 direction, speed; daily and .
seasonal variation; the general circulation: effect of Earth's rotation, cyclones
and . anticyclones, Buys ‘Ballot's law, the tropical cyclone, the monsoon, local

o winds, land and sea breezes, katabatic and anabatic winds, the thn wind, the
: ._'to io. A

Radiation

The nature of radiation, the electromagnetic spectrum; basic definitions;
the elementary radiation laws; the solar constant; attenuation of solar radiation
by the atmosphere; geographical, annual and diurnal distribution of solar radia-
tion: terrestrial radiation; net radietion. Do T

Taln AT EE ,' PSS A [F X0
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Different temperature scales: representative air temperature ‘and its measure-
ment; diurnal and seasonal variation; vertical temperature gradient, temperature
\'f' 2
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inversions; isotherms; the importance of temperature in the growth of plants,
frost-free growing season, vegetative period.

Atmospheric humidity

Water vapour in the atmosphere and its variation with height; definitions
of dew point, relative humidity, vapour pressure deficit, absolute humidity,
specific humidity, mixing ratio and vapour pressure; the psychrometric formula;
diurnal and seasonal variation of atmospheric humidity; importance of atmospheric
humidity in the growth of plants.

Condensation, precipitation and evaporation -

The process of condensation in the atmosphere, its importance in the forma-
tion of fog, clouds, rain, hail, snow, hoar frost and dew; the physics of preeci-
pitation: the ice crystal process, the gravitational coalescence process, size
and rate of fall of raindrops; thunderstorms: classification, the Byers-Braham
thunderstorm model, hail, thunderstorm electricity; the process of evaporation
factors influencing the rate of evaporation.

Thermodynamics of the .e.tﬂozmeae_md_dw.i.cal_ﬁstso_r.o_l.oy

The meteorological thermodynamic system; the variables of state, the gas
laws; the equation of state; virtual temperature; pressure reduction to other

.levels; the adiabatic process, the ‘dry adiabatic lapse rate, the saturation adia~

batic lapse rate; stability and instability; the forces of gravity, the pressure
gradient force, Coriolis force, centrifugal force; horizontal frictionless flow:
the geostrophic wind, the gradient wind, the cyolostrophic wind; the effect of
friction on wind: the diurnal variation of wind and variation of wind with height.

Synoptic ! meteorology

The synoptic method; the observation network, codes; . the station model;
synoptic charts; ali> masses: definition, source regions, movement, classifica-

- tion, general characteristics of air masses; fronts: warm front, cold front,

assoclated weather; pressure systems and their synoptic significance: the anti-
cyclone, the extra-tropical cyclone, the trough of low pressure, the ridge of

high pressure, the col; elementary forecasting technique; typical synoptic charts
of the region or continent concerned. )

Climatology
The concept of climate; the influence of - large-scale geographical factors.

_such as.ocean currents and.the distribution of land masses and seas on climate;

the principal climatic. elements 3 definition of the normals of climatic elements;

.climatic seasons, . their variability, ‘basic principles of climate classification
~and:global study of world climate, a .more detailed study of the climate of the

region or continent concerned; the utilization of climograms and phytoclimograms,

application of climatology to varisus human activities with special reference
to agriculture.

Definition, aims; the relationship between weather, climate and agriculture:
soils, plants, farm animals, diseases and pests of crops and: ‘animals, farm build-

: ings and. equipment, artificial modifications of the meteorological and hydrological
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régime; a short history of agricultural meteorology in relation to the needs of
agriculture and the development of meteorological apparatus; national Meteorolo-

gical Services; the World Meteorological Organization (WMO), the Commission for
Agricultural Meteorology (CAgM)

Agrometeorologic al observat ions
Meteorological observations

Units, accuracy, importance; expcsure of instruments and general rules for
the observation of pressure, air temperature, atmospheric humidity, wind, sunshine
and radiation, precipitation, evaporation, soil temperature, soil moisture content
and soil moisture tension; interpretation and analysis of autographic charts; cloud
classification: genera, species and varieties, the synoptic classification; signi-
ficant cloud, cloud cover, estimation of cloud base; horizontal visibility; exist-

ing weather conditions; state of the ground (dew etc.).
Biological observations

Observationsan native plants and on cultivated crops and trees, farm animals,
diseases, insect pests, and general activities on the land.

Agrometeorological instruments

The choice of a site for an instrument enclosures a detalled study of the

procedures for installation, maintenance. checking and calibration of the following
instruments: '

Pressure

- The mercury barometer: method of .observation, exposure, transportation and
installation; correction of barometer readings to standard conditions: index error,
gravity correction, temperature correction; the barograph; the aneroid barometer.

Surface wind

The pressure plate anemometer'; cup and propeller anemometers: the hand anemo-
‘meter, the totalizing anemometer, contact and generator type of anemometer and
anemograph; the pressure-tube anemograph, the hot-wire anemometer; etc.

Radiat ion

The exposure and maintenance of the major instruments for measuring short-
wave, long-wave, and net radiation, spectral distribution; the measurement of illu- i
mination; evaluation of the records. _ o i

Duration of sunshine

- Sunshine recorders, exposure and installation. maintenance; evaluation of
records. :

Temperature

e Liquid-in-glass themometers' ordinary themometers, ma.ximum thermometers R
“minimum thermometers, soi]. themometers. readins a "mrmometer electrical thermo-
meterss. . resﬁtmce themometers. thermocouples, thermistors, -auxiliary electrical.
equipment; thermographs' ‘the ‘bimetallic type, the Bourdon-tube type,the mercury-
in-steel type; thermometer and thermograph exposure: general requirements in order
to obtain representative air temperature, thermometer screens, artificial ventila-
tion, exposure of soil thermometers and grass minimum thermometers; the importance

o Y & it
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of calibration certificates; bossible sources of defects in thermometers and the
various procedures to rectify them. '

Atmospheric humidity

Psychrometers: simple psychrometer without artificial ventilation, the sling

psychrometer, the Assmirn-type psychrometer, exposure and observational procedure,
care of the wet bulb, operation of wet bulb below freezing, sources of error in

psychrometry, the psychrometric formula; tables and slide-rules; hair hygrographs:
general requirements, exposure, maintenance and transportation, accuracy and

sources of errors, washing the hairs; dew-point and frost-point hygrometers; elec-
trical absorption-type hygrometers.

FPrec _pitation

The ordinary and totalizing raingauges, raini‘all recorders; rainfall intensity
recorders; snow measurements: depth and density.

Dew and Jleaf wetness

The Duvdevani dew block, Leick plates, welghing type of apparatus; leafwetness
recorders.

Evaporation and evapotranspiration

'The main classes of evaporimeter: large evaporation tanks, small evaporation

"tanks, porous porcelain bodles, porous paper wick: devices: ]ysimeters, exposure,

maintenance, scale, observations and entries, calculation.

Soil moisture content and soil moisture tension

Tensiometers; the gravimetric -etermination of soil moisture content; resis-
tance of-porous blocks; the neutrori moisture meter.

'

Processing of agometeorological data
§_t9_tistics

~ Meaning of an observation, errors of observation, observations as samples
of a population; giality control and processing of observations; climatological
data: collection, treatment, storage, cataloguing, publication.

C Statistical methorls

) Frequency dihtributions- relat.we frequency, cumulative frequency, histogram;
statistical paramzters: mode, median, quartiles, percentiles. ‘arithmetic mean,
standard deviation, variance, weighted and adJusted means, means from grouped
data; significance tests: Student!s t-test, the X test; regression: significance

. of a regression coefficient;: correlation,:significance of a correlation coefficient,

analysis of variance.

Microclimatolog S L

) Importance of the air layer near the ground for agriéulture; variations of
. leaf and air. temperature, humidity and wincf in the microlayer; ini‘luence of
.,-_topography, soil type, soil condition and \egetation on the microclimate.

Ligenaslow
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Soil temperature
Flow of heat in the soil; diurnal and seasonal variation of soil temperhture

at different depths; factors affecting soil temperature; the importance of soil

temperature for plant growth.

2.7 Soil meisture

The hydrological cycles the :I.mportance. of soil moisf.ure for plant growth.

2.8 Weather hazards adversely affecting agricultural output ‘

2.8.1 Droughts

Definition; frequency; long-term plann:lng against drought; the possibility
of cloud stimulation.

2.8.2 Ha1l

Frequency of hail ‘stormsg ﬁail damage and 1its prevention.

2.8.3 Frost

Extent of frost damage; sensitivity of plants to low temperatures; radiation
and advective frosts; taking account of frost in agricultural planning; ways of
diminishing frost damage; artificial methods of combating frost damage -- e.g.
orchard heating, sprinkler irrigation.

2.8.4 Strong winds

, .. .The importance of windbreaks and shelterbelts; the detrimental effects of
strong winds on plants, animals and the soll; the effects of windbreaks upon the -
environment; different:types . of windbreak; the advantages and disadvantages of
shelterbelts; trees and types of shelterbelt suitable for local conditions.

2.9 Practical applications

Practical application of meteorological and climatological data of plants,
crops, animals, insects and plant diseases. .

2.10 Agrometeorological research

A discussion on research problems applicable to the region or country con-
cerned.

2.11 .- - . Practical training.

The theorical course mist be supplemented by an intense training in out-
door practical work, especlally concerned with the maintenance of mstnnnents
and the taking of observations., = - 7 -8 T .
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Syllabus for teaching agricultural meteorology
at advanced schools of wiculture} horticulture and forestry

I. LECTURES TO EE INCLUDED IN THE PROGRAMMES

A. Agriculture and horticulture schbols

Meteorolog and its m_gortance in a country's economy )
(especially in farming, gardening and forestry)

The terrestrial atmosphere

2.1
2.2
2.3

Composition
Vertical structure

Certain physical properties

Atmospheric pressure

3.1
3.2' .
3.3

Measurement of pressure; mercury and aneroid barometers, barographs

‘Pressure changesfwith altitude; determination of altitude .

Pressure variations

Nature of radiation

uol

4.2
4.3
b
4.5
4.6

Solar radiation: physical properties of radiation; direct solar radiation;
diffuse radiation; radiation transmission and absorption

Long-wave radiation; effective radiation

Albedo

Radiation measurements

Duration of sunshine .

Significance of radiant energy in plant life: greenhouse effect; photo- )

.Synthesis, growth, photoperiodism, phototropism

ALF and sofl ‘tempsrature

N

5.1
5.2
5.3
5.4

Air temperature measurements
Daily and annual variation of air temperature
Vertical air temperature distribution; temperature inversions

-

Horizontal distribution of air temperatﬁre; ‘charts of isotherms at sea-level

and at surface




6.

7.

8.

5.5
5.6
5.7
5.8

5.9

5.10 Frost and frost protection

Water vapour in the: atmosphere and soil moisture

ANKEX IV >3

Soil temperature measurements
Daily and annual variation of soil temperature
Factors influencing soil temperature

Influence of air and soil temperature upon plants and the processes of growth,
photosynthesis and respirati,n

Resistance of plants to high and low temperature

6.1
6.2

6.3

6.4

Condensation and precipitation

7.1
7.2
7.3

T4 .

75
7.6
7.7

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8

Atmospheric }i\nnidit s definitions, significant values, measurements

Evaporaticn: evaporavion process; measurement of evaporatis. from water

and land surfaces; “i‘anspiration and evapotranspiration

Soil moisture: kinds of soil water; agrohydrological 301l properties; soil
moisture neasurements

Soil water ba.lance

Conditions favourable for waﬁer vapour condensatio'.n" :
Dew and hoar frost
Fog '
Cloud _

Precipitation: formation; types; measurement

Role of water in plant life: a general idea of water economy of plants

Significance of snow cover for soil and plants

~Motion in the atmos

Causes and kinds of winds

Isobars, pressure gradient

Coriolis force, effect of friction, centrifugal action
Winds connected with cyclonic and anticyclonic circulation
Wind 1n the free atmosphere; 1n lower layers; local winds
Wind structure and ‘measurement

General circulation .

Wind as & factor in pla.nt habitats; need for shelterbelts

Synoptic meteorology -(basic knowledge) ... .- - - V

9.1
9.2

.. 93,
R ,:.9 “

Wea.ther eervicex weather maps and analysis, weether forecasti.ng

t
[T

Air masses and fronts.
Lows: theory of low fometion;_eggggiated waather
Highs: usocuted weather

R
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12,

13.

ANNEX IV

Climatolo
10.1 General notions of climate

10.2 Factors influencing climate
10,3 MaJor climatic zones of the Earth
10. ‘t Climate of the country concerned: general remarks on particular elements

Biological measurements ‘(phenology)

11.1 Importance of phenology for meteorology and agriculture.
11.2 Phenological observations

11.3 Phenological seasons

11.4 Phenological cartography

~ NOTE: Stress to be laid on observations dealing with practical agriculture,

Agr_ometeorological stations

Organization, equipment, measurements, observations, information provided

Examples of the application to practical apiculture of agrometeorological
lmowledge and data

B. Fox"estgx schools

Syllabus as under A (Agriculture and horticulture schools), with the following
amendmentss

Add "4.7 Penetration of light into forests"
Add "5.11 Air temperature within the forest"
Replace 6.1 by the following text:

"6.1 Atmospheric humidity: charaeteristic magnitudes: measurement;
atmospheric humidity within forests

Replace 7.5 by the following text:

"7.5 Precipitation: formation; types; messurement; rainfall measurements
. .at the floor of the forest"

Add "8.9.. Wind speed within the forest"

Add "10.5 Influence of the forest on the macrocl:lmate, climate of the clearing
in forests"

Add "11.5 Phenological mvestigations within forests
Replace 12 by the following texts - o
"12, Forest meteorology services" .

-+ TI. - PRACTICAL EXERCISES

During the lectures under Section I above, ‘instriiments are to be shown to
the students. ' 'The ‘purposeof: the' practical exercises-dealt with in the present
section is that during these exercises, students should acquire knowledge of how
to operate the following 1nst7-mnents and how to evaluate the records.

39,
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| Piotting isohyets . .

‘cup anemometer; anemographs

Climtoloﬂ
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Pressure

Mercury barometers, corrections; aneroid barometers'; barograph

e

Radiation B
Basic instruments for measurements of solar radiation and sunshine duration

Temperature

3.1 Standard meteorological thermometers: ordinary, meximum, minimum; reading,
corrections, recording, computing mean diurnal air temperature, plotting
isotherms; thermographs

'3.2 Soil thermometers, reading, corrections, recordins; graphic representation

Atmospheric humidity and soil moisture -

" Psychrometers and: psychrometric tables, hair hygrometer, hygrographs. Evapori-
meters; lysimeters. Determining soil moisture by the gravimetric and visual
methods

Pre¢ipitation . D

Measurement of precipitation by gauges and. recorders; snow measurements.,

Wind

Observations of ‘wind" direction and speed; pressure plate anemometer and

Cli.matological observations.' 'Prepara’tion'ofv'cli.matolo:g'ical-reports"

Biological measurements  (phenology) -

Plotting phenological charts (see Guide to Agricultural Practices,
Section 7.1.2% Cartographic presentation) B

Lo

, Vis its

Visit to asrometeorological research stations, sites of fleld experiments,
and to the national Meteorological Service:
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LIST OF TEXTBOOKS AND PUBLISHED LECTURE NOTES OR MONOGRAPHS .
PEFAAINING TO INSTRUCTION IN AGRICULTURAL METEOROLOGY

ABBE, C., 1905 -~ A {'irst report of the relations between climates and crops. U.S. Printing .
Office, Washingtor.. 386 pp.

ALISSOﬂ, B-p 'Po. DROZ)OV. 0. Ao. RUBIIBTEIN, E.'c .S.‘., 1952"- Ku!l's klimatolisii. Chast' 1-2
(Course in climatology, Pt. 1-2). Gidrometeoizdat, Leningrad. 487 pp. (German transla-
tion: Lehrbuch der Klimatologie. (1956) Deutscher Verlag der Wissenschaften, Berlin.
536 pp.).

ARLERY, R., 1957 -- Eléments de météorologle agricole. Météorologie nationale, Paris.

ASLYNG, H. C., 1961 -- Forelaesninger over Klima, Jord og Vandbalance i Jordbruget
(Lectures on ciimate, soill and water-balance in agriculture). Danish-Kulturteknik I,
3rd editlion. 240 pp. (In f:anish).

AUJESZKY, L., BERENYI, D. and BFLL, B., 1951 =~ Mezdgazdasagl Meteorologia; Az Agrometeo-
rologiai Ismeretek KézikSnyve (Agricultural meteorology; an agrometeorological handbook).
Akad. Kiado, Buddpest. 550 pp. (Tn Hungarian).

AZZI, G., 1979 -- Trattato di Ecologia agraria. Societad Edizioni Interndzionaii, Turin
(In Italian). B .

ceoey, 1956 -- Agricultural ecoloy. Constablé-and COmpaxw Ltd., London. 424 pp.

BAUMANN. H., 1961 -- w:ltterungslehre fllr die La.ndwirtschaft (Meteorology for agriculture). C
Verlag Paul Parey, Berlin, Hamburg.l39 pp. (In German).

BAVER, L. D., -1946 -- Soil physics. 3rd ed. John Wiley and Sons Inc., New York. 489 pp.
BELLAMY, J. C., 1957 -- Metéorological'm's'truments;."-"Met'eorology monographs 3 (13): 44-72.

BERNARD, E. A., 1956 -- le déterminisme de 1l'évaporation dans la nature. Pub, Inst. national
études agron, Congo Belge (INEAC, Sér. sci. 68), Brussels. 162°pp.

BLANEY, H. F. and CRIDDLE, W. D., 1950 - Determiﬁins water requirements in irrigated areas
from climatological and ‘irrigation data. U.S. Dept. Agr. Soil Cons. Serv. Tech. Paper 9.

BROOKS, C. E. P. and CARRUTHERS, N., 1953 -- Handbook of statistical methods in meteorology,
H. M. Stationery Office, London. 412 pp.

BROOKS, F. A., 1959 «~ An 1ntroduct:l.on to physical microclimatology. University of
California, Davis. 264 pp.
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BRUNT, D., 19444 -- Physical and dynamical meteorology. 2nd ed. Cambridge Uni\iersity Press
(London). 428 pp. . :

BUDYkO. M. I., 1956 -- Teplovoj balans gemnoj poverhnosti (Heat balance of the earth's
surface). Gidrometeoizdat, leningrad. 254 pp.

====, 1958 -—- The heat balance of the earth's surface. In English translation, available
from Office of Technical Services, U.S. Dept. of Commerce, FPB 131692. 259 pp.

BYERS, H. R., 1959 -- General meteorology. McOraw-Hill, New York. 540 pp.

CARSON, J. E., 1961 =~ Soil temperature and weather conditions. Argonne National Laboratory
No. 6470, University of Chicago. 244 pp. .

CHANG, J. H., 1958 == Ground temperature, two volumes. Blue Hill Meteorological Observatory,
Harvard University, Milton, Mass. 300 pp.

CLARKE, Q. L., 1954 =~ Elements of ecology. John Wiley & Sons Inc., New York. 534 pp.

CONRAD, V. and POLLAK,L. W., 1950 =~= Methods in climatology. 2nd ed. Harvard University
Press, Cambridge, Mass. 459 pp. .

CRITCHFIELD, H. J., 1960 -- Genrral climatology. Prentice-Hall, Inc., New York. 465 pp.

DAIGO, M., 1958 -- Introduction to agricul tural meteorology. 3rd ed. Yokendo Book Co.,
Tokyo. 295 pp. (In Japanese). -

DAUBENMIRE, R. F., 1959 -- Plants and environment. 2nd ed. John Wiley & Sons Inc., New York.

DAVID, P. E., 1936 -- Agrometeorologya (Agrometeorology) Syelkhozgiz, Moscow.

‘DE FINA, A. L., 1945 -- los Elementos ClimAticos y los. Cultivos (01imetic elements and crops).
2nd ed. Editorial Sudamerica, Buenos Aires. 258 pp. (In Spanish).

DEMOLON, A., 1960 == Dymmique du sol. 5&éme édition. - Dunod, Paris. 520 pp.

DI FRIMA, S., 1958 -= Introdugione alla Ecologia Agraria (Introduction to asricult.ural
ecology). Tipografia Ved., Trizio Bu'i, Italy. 90 pp. (In Italian).

DUCKHAM, A. N., 1963 -- The farming year. Chatto & Windus, - London. 525 pp.

EVANS, L. R., 1963 -- Emironmental control of plant growth. Academic Press, New York and
I:ondon. 449 PPs . o

FINDLAY, J. D., and BEAKLY,W. R., 1954 == Environmental p‘hysiolog of farm mammals. In

J. Hammond, ed. Progress in.the physiology of farm animals:; Butterworth Scientific
mblications, London. Vol. 1, Pp. 252-298.

. FRANKLIN, T. B., 1955 «= Climates: in miniature: a study of microclimate and environments.
:  Faber & Faber ('I'he Scientii‘ic Press), Iondon. 137 pp. .

GATB.S, D. M., 1962 - Energy exchange in the biosphere. Harper and Row, New York. 151 PpP.

# GEIGER, R., 1961 == Das Klima der bodennahen mftschichten. ('I'he clima.te near the sround)
Ith edition, Viewegh-Verlag, Brunswick. &German)
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*#GQEIGER; R., 1959 =- English translation of an earlier edition of above book under the title:
The climate near the ground. Rev. ed. Harvard University Press, Cambridge, Mass. 494 pp.

,» 1965 — English translation of the latest edition of tne above Harvard University Press.

*GEIGER, R., 1960 -- Russian translation of above book under the title: Klimat prizemnogo
sloJa/vozduha Izdatelstvo inostrano.j literatury, Moscow, 486. pp.

GOLZOV, M. M., MAXIMOV, S. A., & JAROSHEVSKII, V. A. , 1952 «a Prakticheskaia agrometeorologiia.
_ (Practical agricultural meteorology). Gidrometizdat. Leningrad.

wwmee , 1955 -~ Praktische Agrarmeteorologie (Practical agricultural meteorolow) Deutscher
Bauernverlag, Berlin. 310 pp. (In German).

GOODY, R.:M., 1964 -~ Atmospheric radiation. Cla.rendon Presg, Oxford.

GRISOLLET, H., GUILIMET, B., ARLERY, R., 1962 - climatologie; Méthodes et pratiques. Gauthier -
Villars, Paris. 416 pp. ‘

HOCKENSMI'TH, R. D.,‘-Ed.,'l960 -- Water and agriculture. Pub. 62, Amer. Assoc. for Advanc.
Sci., Washington. ' .

HOLDEFLEISS, P., 1930 -- Agrarmeteorologie (Agrometeorology). Paul Parey, Berlin. 107 pp.
(In Geman)

HUDSON, Je P. » Ed. 1957 - Control of the plant environment. Butterworth's, London.»

INSTITUT NATIONAL DE 1A RECHERCHE AGRONOMIQUE 1964 =~ L'eau et la production végétale.
Paris. 455 pp.

*JOHNSON, JOHN C., 1954 ==, Physical meteorology. John Wiley and Sons, 393 pp.

#KIT™TREDGE, Ji,' 1948 : -« Forest influences: the: effects of woody vegetation on climate, water
and soil. McOGraw-H11l.Book Co., -New .York. 394 pp.-. - , ‘

LS

KLAGES, K. H. W., 1942 =~ Ecological crop:geography.: The. Macmillan Co., New York. 615 pp.

KRAMER, -/ +-POST J. J., and SCHARRINGA M.. 1952 -~ Weer, klimaat en landbouw (Weather,
climate and agriculture).. Zwolle, W. E, J. TJeenk Willink. 92 pp. (In Dutch).

KRAMER, P. J., 1949:-- Plant and soil water relationships. McGraw-Hill Book Co. Inc., New
York. 347 pp. '
ol W '
LABORATORY OF CI.-IMATOIDGY - Publications :Ln climatology: Eles: Vol. 7, No. 1. The
measurement of potential evapotranspiration (1954). 225 pp; Vol. 7, No. 2. Miorometeo-

rology -of. the surface layer of the.atmosphere; the flux of momentum heat and water vapour,
:finalireport (1954)3 Vol. 8, No.;l.: The. water balance (l955) 86 pp.

IA]]GH'MAN, D. L., 1961 -~ Physics of the boundary layer of the atmosphere. " Translated from
the:Russian by the Israel. Program for Scientific Translations Ltd., Jerusalem.

*LANDSBERG, H. , 1958

' .

LAWREME, w. J. c., l963 - Science and the glass house. Brd ed. Oliver & Boyd, Edinburgh.
~"“ - 183 ppo B S P "lfx) AT .

- Physical olimatclow. 2nd ed., Gray Printing Co., Penn. 446 pp.
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LETTAU, H. H. and DAVIDSON B., 1957 -- Exploring the atmosphere's first mile. Two volumes.
| o Pergamon Press, New York. 578 pp.

LEVITT, J., 1956 -- The hardiness of plants. Academic Press, New York. 278 pp.

LIST, R. J., ed., 1958 == Smithsonian meteorological tables. 6th ed. The Smithsonian
Institute, Washington, D.C. 527 pp. .

o
LUNDERGARDH, H. G., 1954 -- Klima und Boden in ihrer Wirkung auf das Pflanzenleben. (Climate

and soil in their effect on plant life). 4th edition, Gustav Fischer, Jena. 598 pp.
(In German).

# MALONE, T. F., ed., 1951 -- Compendium of meteorology. Amer. Met. Soc, Boston, Mass.
1334 pp. .

MASSTBOT, J. A., 1946 -~ La technique des essais culturaux et des études d'écologie agricole. :
G. Frére, Tourcoing, 737 pp.

MAXTMOV, N. A., 1929 -~ The plant in relation to water. George Allen and Unwin Ltd.,
london. 451 pp.

MIDDIETON, W. E. K. and SPILHAUS,A. F., 1953 -- Meteorological instruments. University of
. Toronto Press, Toronto. 286 pp.

MILTHORPE, F. L., ed., 1956 -~ The growth of leaves. Butterworth, London. 170 pp.

# MOLGA, M., 1958 - Meteorologia Rolnicza (Agricultural meteorology). Pinstwowe Wydawnictwo-
~ Rolnicze 1 Lesnd, Warsaw. 571 pp. (In Polish).

# cceey 1962 -- Agricultural meteorology. In English translation, available from Office of
Technical Services, U.S. Dept. of Commerce (0TS 60 - 2.1419).351 pp.

# NAKAHARA, M., 1958 -- Phenology, Kawade Book Co., Tckyo. 209 pp. (In Japanese).

# ====, 1958 -- Agricultural meteorology. Asakura Book Co. » Tokyo. 209 pp.
(In Japanese).

# NEUBERCGFR, J., 1951 -- Introduction to physical meteorology. Penn. State Ur;iv. Press.

NUTTONSON, M. Y., 1955 -~ Wheat-climate relationships and the ese phenology in ascertaining
the thermal and photo-thermal requirements of wheat. Am, Inst. Crop Ecol. 388 pp.

PANOFSKY, H. and BRIER G. W.,. 1958 - Some applications of statistics to meteorology.
Penneylva.nia State University, University Park., 224 pp.

PASQUILL, F., 1962 - Atmospherdic diffusion. D. van Nostrand Co., New York. 327 pp.

PEARL, R.. T., ed., 1960 -~ (Vth edition) The calculation of irrigation need. Tech. Bull,
No. 4, Ministry Agr. and ‘Fish. H. M. Stationery Off., London.

* PENMAN, H. L., 1963 - Vegetation and hydroloy'. Commonwealth Agricultural Bureaux,
Farnham Royal, Bucks., England. 124 pp.: . - - R :

# PETTERSSEN, S., -, 1958  -= Introduction to meteorology. McGraw-Hill, New York, 327 pp.
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PETTERSSEN, S., 1956 ~- Weather analysis and forecasting. 2nd ed., 2 vol. McGraw-Hill,
New York. 428 pp.

PRIESTIEY, C. H. B., 1959 =« Turbulent transfer in the lower atmosphere. Univ. of Chicago
Press, Chicago. 130 pp. :

PRYTZ, XK. S., 1948 -= ILandbrugsmeteorologiske korrelations unders;fgelser (Agricultural
meteorological correlation studies). Copenhagen, Akad. for de Tekn. Videnskaber og
Dansk Ingeniofgrening. G. E. C. Grad, Copenhagen. 127 pp. (In Danish).

ROSENKRANZ, F., 1951 =~ Grundziige der Phiinologie (Principles of phenology). G. Fromme, Vienna.
62 pp. (In German).

SANSON, J., 1952 =-- Conférences de météorologie appliquée & l'agriculture (Lectures on

meteorology applied to agriculture). Météorologie nationale. Imprimerie Nat., “Paris.
153 pp. (In French). .

# SAPOSCHNIKOWA; S., 1950 <~ The climate and the ldcal climate (in Russian, Polish and
German). 240 pp.

* SAUBERER, F., HARTEL, O., 1959 -- Pflanzen und Strahlung (Plants and radiation). Akad.
Verlagsgesellschaft Geest & Portig, Leipzig. 268 pp. (In German).

# Schnelle, F., 1948 -- Einfurung in die Probleme der Agrarmeteorologie. (Introduction to the
problems of agricultural meteorology). Eugen Ulmer, Stuttgart. 154 pp. (In German).

# coee , 1949 =< Wetterkundlicher Wegweiser fur Landwirte, Obstbauer, GHrtner, Winzer und
" Meteorologen (Weather guide for farmers, gardeners, wine growers and meteorologists).
Mitt. deut. Wetterdienstes US-Zone 1 (3). 36 pp. (In German).

# eewe , 1956 ==.Pflanzen-Phlinologie (Plant phenolcgy), Akad. Verlagsges. (eest and Portig.K G.,
Leipzig. 299 pp.  (In German).

# weew , 1961 -- Fenologija rastenu) (Plant phenology). Gidro-meteoizdat, Leningrad, 259 pp.

L - ,(éditor) -- Frostschutz im Pflanzenbau (Frost protection andthe cultivation of plants),
Bayerischer Landwirtschaftsverlag,Munich.

1963 == Part - I - Die meteorologischen und biologischen Grundlagen der
Frostschadenverhitung (The meteorological and biological bases of the prevention of
night frost damage).488 pp. (In German and Polish).

1965 == Part II - Die Praxis der Frostschadenverhitung (The practical way of the
prevention of night frost damage). 604 pp. Published in 1965 (In German).

SEEMANN, J., 1957 -- Klima und Klimasteuerung im GewHchshaus (Climate and climate-regulation
in glasshouses) Bayer. landwirtschaftsverlag, Munich. 106 pp. (In German).

SHAW, B. T., Ed. 1952 -~ Soil physical conditions and. plant srowth. Academic Press, Inc.,
New York. 491 pp. ‘ . ‘

SHAW, M. D., and AHBLE W. C., 1959 == Bibliography on methods for determining soll moisture.
. Pennsylvania State Univ., Eng. Research Bull. B-78 152 pp.

% SLATYER, R. 0., and Mc]IBOY , I Coy 1961 == Practical microclimatology (with special reference
to the water factor in soil-plant-atmosphere relationships), UNESCO. 339 pp. :
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SMITH, J. W., 1920 == Agricultural meteorology. The effect of weather on crops. The
Macmillan Co., New York. 304 pp.

SMITH, L. P., 1958 -- Farming weather. T. Nelson, London, New York. 208 pp.

=-== , 1962 -~ Weather and Food. Basic Study No. 1. F. F. H. Campaign. WMO - No. 113.
TP.50. 80 pp.

- SMIH, L. P., and SEARLE, S. A., 1958 -- Weatherwise gardening. Blanford, London. 246 pp.

SUTTON, O. G., 1953 -- Micrometeorology; a study of physical processes in the lowest
layers of the earth's atmosphere. McGraw-Hill Book Co. Inc., New York. 333 pp.

====, 1958 == Russian translation of above book under the title: Mikrometeorologija
Gidrometeolzdat, Leningrad.-

SUZUKT, S., 1959 -- Nogyo-Kishogaku (Agricultural meteorology) 4th revised edition.
Tokyo. (In Japanese).

TANNEHTLL, I. R., 1947 -~ Drought, its causes and effects. ~ Princeton, N. J. 264 pp.

TANNER, C. B., 1963 ~- Basic instrumentation and measurements for plant environment and
micrometeoroloy. Soils Bulletin No. 6. University of Wisconsin U.S.A.

TAYLOR, 4. F., 1954 -- Elementary meteorology. Prentice-Hall Inc., New York. 364 pp.

TROMP, S. W., Ed., 1962 — Biometeorology (Proceedings of the Second International )
Bioclimatological Congress held at the Royal Society of Medicine). Pergamon Press,
Qxford, London, New York, Paris. 687 PP.

ULANOVA, E. S., 1959 -= Methods of agrometeorological forecesting Gidrometeoizvat,
Leningrad. 279 pp. (In Russian)

UNITED KINGDOM METEOROLOGICAL OFFICE., 1956 -- Handbook of meteorological i.nstru.ments.
H. M. Stationery Office. 458 pp.

UNTTED KINGDOM MINISTRY OF AGRICULTURE, FISHERIES AND FOOD., 1964 -- Farmer's Weather.
Billetin No. 165. HMSO, London. :

UNESCO, 1957 -- Humen and animal ecology. Reviews of research. Paris, UNESCO. 244 pp. ##
=ew- , 1958 -~ Climatology. Reviews of research. Paris, UNESCO. 190 pp. *#*

U.S. DEPARTMENT OF AGRICULTURE, 1941 -- Climate and man: Yearbook of agriculture. U.S.
Dept. Agr., Govt. Printing Office, Washington, D.C. 1248 pp.

————, 1955 - Water: Yearbook of agriculture. U".S.‘i)ept;. Agr., Govt. Printing Office,
Hashington, D.C. 751 pp. i

UTAAKER, K. » 1963 -- The local cl:l.mate of Nes. Hedma.rk Universiteter i Bergen Skirfter
No. 28 Norwegian Universities Press, Bergen. 117 PP.

# UVAROV, B. P., 1931 -- Inseots and cl:l.lnate. '.l‘ransaotions of the Entomological Society of

London. Vol. 79. London.

## These constitute a series of publications issued by UNESCO under the title "Arid Zone

Research". 3 I‘.
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VAN BAVEL, C. H. M., 1956 -~ Estimating soil moisture conditions and time for irrigation
with the evapotranspiration method. U.S. Dept. Agr. Research Serv. ARS 41-11, 16 pp.
VAN DER VEEN and MEIJER, 1959-- Light and plant growth. .Philips Technical Library.

VAN EIMERN, J., 1960 -- Kleiner lLeitfaden der Wetterkunde fir Landwirtschaft Obst- und
Gartenbau. Stuttgart. 154 pp. (In German).

#* VAN WIJK, W. R., Ed., 1963 -~ Physics of plant environment. North Holland Publishing
Company, Amsterdam. 382 pp.

* VENTSKEVICH, G. Z.} 1958 -- Agricultural meteorology. Gidrometeorizdat, Leningrad. 376 pp.
(In Russian).

* -;;- » 1961 -~ Agrometeorology. English translation, available from Office of Technical
Services, U.S. Dept. of Commerce. (OTS 60 - 51044). 300 pp.

VISSER, W. C., 195.8 = The caieniation of the water requirement of ‘erops. Tech. Bull.
Ser. 3. Inst. Land and Water Management Research, Wageningen, Netherlands.

VITKEVICH, \'; I., 1955 == 4Se1skokhoziaistvennaia meteorologia (Agricultural meteorology).
_ Gos. Jzdat. .Selskokhoziais_tvennoi_L:I.teratury, Moscow. 279 pp. (In Russian).

-, 1963 -- Aéricultnral heteorology. English trmslation}available from Office of
Technical Services, U.S. Dept. of.;Comerce,_ (ors 63 - 11075). }i’.O,PP._

* WAGGONER P, E., Ed., 1965 =~ Agricultural meteoroloy. Meteorological Monographs. Volume 6.
_ Amer. Met., Soc., Boston, Mass,, U.S. A. .

* WANG, J. Y., 1963 -- Agricultural meteorology. paa;make;press;”mmmae.’ Wisconsin. 693 pp.

WELLIMM.’ON. W. G., 19514 -- Weather and climate in forest entomoloy. In C. W. Thornt}iWaite
et al.: Recent studies in bioclimatology. Meteorological Monographs 2 (8): 11-18.

WENT, F. W.‘.‘ 1957 =- The exoerimentai'control of plant "groyith.' Chronica Botanica Co.,
Waltham, Mass. 343 pp. ' '

WHY'I'E, R. O., 1960 = Crop :p'ro‘d'uction and ‘environment. Fal_:er:& Faber, London. 392 pp.

WOELFLE, M.,..1950. -- Waldbau und Forstmeteorologie (Forestry and forest-meteorology)
2nd Q Bayer. ' Landwirtschaftsverlag, Munich.

WORLD ME']!EOROIDGICAL ORGANIZATION, Geneva
S Technical Publioations

1955 - Technical Note No. 10: The forecasting from weather data of potato blight and
‘other plant diseases and pests, (In English only). -

19055 -= Technical Note No. 11: The standardization of the measurement of evaporation
- as-p olimatic factor. (In English only)

ot

1958 -~ Technical Note No. 20: 'l'he climatological investigatim of soil temperature.
x .(In English only).:, S . C
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1958 =- Technical Note No. 21: Measurement of evaporation, humidity in the biosphere
and soil moisture. (In English only).

1958 -- Technical Note No. 24: Turbulent diffusion in the atmosphere. (In English
only).

1959 -- Technical Note No. 26: Techniques for surveying surface-water resources. (In
English only).

1960 -- Technical Note No. 32: Meteorological service for aircraft employed in agri-
culture and forestry. (In English only).

1961 -- Technical Note No. 41: Climatic aspects of the possible establishment of the
Japanese beetle in Europe. (In English only).

1961 -=- Technical Note No. 42: Forecasting for forest fire services. (In English only).
1963 -- Technical Note No. 51: Protection against frost damage. (In English only).

1963 -~ Technical Note No. 53: The effect of weather and climate upon the keeping
quality of fruit. (In English only).

1963 -- Technical Note No. 54: Meteorology and the migration of Desert Locusts. (In
" English only).

1963 =- Technical Note No. 55: The influence of weather conditions on the occurrence
of apple scab. (In English only).

1963 =~ Technical Note No. 56: A study of agroclimatology in semi-arid and arid zones
of the Near East. (In English and French).

1964 -- Technical Note No. 59: Windbreaks and shelterbelis. (In English only).
1964 -- Technical Note No. 65: A survey of human biometeorology. (In English only).

1965 -~ Technical Note No. 69: Meteorology ani the Desert Locust. (In English only).

BIBLIOGRAPHTES

AGRICULTURAL METEOROIOGY (quarterly) -- Current bibliographies. Elsevier Publishing Co.,
Amsterdam. :

AMERICAN METEOROLOGICAL SOCIETY -- Meteorological and geoastrophysical abstracts,
Boston, Mass. (This is a monthly publication, devoted to current. literature in '
meteorology, geophysics and astrophysics. Each issue contains an annotated i
bibliography of important references on a special subject such as, e.g.,evapora- '
tion, evapotranspiration, soil moisture, soil temperature, dew, frost, forest
micrometeorology, etc. A bibliography of outstanding text books and technical
books of the past decade which are considered of primary value as teaching aids
1s given in the February 1960 issue - Vol. 11, No. 2).

DEUJ.‘SCHER WEI.'.I.'ERDIE}ST, OFFENBACH -- Agrarmeteorvlogische Bibliographien. (This biblio-
graphy has been published yearly since 1949. The last edition is for 1963,
References are glven partly in German, partly in English).
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WANG, J. Y and BARGER G. L., 1962 -~ Bibliography of agricultural meteorology. The
University of Wisconsin Press, Madison. 688 pp. (This bibliography includes a
list of agrometeorological textbooks and other reference books.)
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PUBLICATIONS OF THE WMO

Technical publications

WMO -~ No.
2. TP. 1- Meteorological services of the worid. Bilinguai
(Engiish and French). . Sw.fr. 24—
- Services météorologiques du monde. Bilingue
(angiais et frangals). Fr.s, 24—
5. TP. 2- Composition of the WMO. 1959 edition. Bilinguai
{English and French). Sw.fr. 16—

- Composition de I'OMM. Edition 1959, Bilingue
(anglais et francais). Fr.s. 15—~

" 8. TP. 3- Guide to Meteoroiogicai Instrument and Observing

Praotloos. Sw.fr. 18.—

= Guide des instruments et des observations météo- |

rologiques. - Fr.s. 18—~

9. TP. 4 - Waeather reporta: Statlons, Codesand Transmissions.

- Messages météoroiogiques : Stations, Codes et
Transmissions.

17. TP.. 5 - Bibliographie météoroiogique internationale. Année
1852. Fasolouloo i, 01, N1, 1V,
Prix par fasclcule : Fr.s. 20—

21. TP. 6-Worid distribution of thunderstorm days. Part1:
- Tables. Bilinguai (Engiish and French), Sw.fr. 9.—

- Répartition mondiale des jours d'orage. 1™ Partie:
Tabieaux. Biiingue (angiais et frangais). Fr.s.9.—

- Worlid distribution of thunderstorm days. Part 1:
Tabies.’ Supplomont No. 1. Bilingual (Engilsh and
French). - Sw.fr. 28—

.= Répartition mondlale des: jours d'orage. 1™ Partie:
Tableaux. Supplémont N° 1 Blllnguo (angiais et
franoalo) - Fr.s: 82—

24, TP. 7 Artificial Induoomont of proolpltatlon. Sw.fr. 1.—

26. TP. 0 Methods of observation at gea. Part | - Sea surface
temperhture. Sw.fr. 1.~

30. TP. 9- Meteoroiogicai aspects of alrcraft Iolng. "
Sw. {—

82. TP. 10 - Energy from the wind - Assessment of suitabie

winds and sites. Sw. fr. 10—
85. TP. 11 - Diverses expériences de comparaison de radioson-
des - Diagrammes aérologiques. = . Fr.s. 1.—

88. TP. 12 - Reduction of atmospheric pressure - Preliminary
report on probiems involved. Sw. fr. 3.~

38. TP. 13- Atmospheric radiation (Current investigations and
problems) - Troplcal olroulatlon pattorns.

Sw.fr. 1.—
39. TP. 14.- Gulde to Metoorologloal lerary Practice.
Sw.fr. 1.—
- Guide du blbllothéoalro météorol,oglsto.v _ .
R 7 A N O

40. TP. 15 - Methods of observation -at sea, Part 1| < Air tempe-

rature and humidity, atmospheric.preasure, cloud
holght.wlnd.ralnfall and vlolblllty  Sw.fr. 1.—
42. TP. 16 Tho forooastlno from weather data of potato bllght
and other piant diseases and pests - The standard-
izatlon of: the measurement of ‘evaporation.ss ‘a

- climatic factor. Sw. fr. 2.—

44. TP. 17 ~ Atmospherics techniques. Sw. fr: =

$0

66. TP. 25 - Les diagrammes aéroiogiques.

WMO - No.

47.TP.18 - Intornatlonal list of selected and supplementary
ships. Biilnguai (Engilsh and French). 1963 Edition.

Sw. fr. 10—
~ Liste internationaie de navires séiectionnés et sup-
piémentaires. Bilingue (anglais et frangais). Edition

1963. Fr.s. 10—
50. TP. 19 = Artificial controil of ciouds and hydrometeors.
Sw. fr. 3.—

51. TP. 20 - Homogénélté du réseau européen de radiosonda-
ges - The relative accuracy of rawins and contour-
measured winds in reiation to performance criteria -
Superadiabatic: iapse rate in the upper alr.

Sw.fr. 4.—

21. TP. 21 - Worid distribution of thunderstorm days. Part 2:
Tables of marine data and world maps. Biilnguai
(English and French). Sw.fr. 9—

- Répartition mondiale des jours d' orage. 2* Partle :
.. Tableaux des données maritimes et cartes mondia-
ies. Bilingue (angiais et frangais). Fr. s. 9.~

86. TP. 22 - Regionai charts of meteorological observing sta-
tion networks - Region Vi - Europe. Biiingual
(Engiish and French). 1st edition. Sw.fr. 10~

‘= Cartes régionales des réseaux de stations d'obser-
"~ vation météoroliogiques - Région VI - Europe.

Blllnguo (anglals et francais). 1™ édmon.F
r. 8. 10—~

63. TP. 23 - Notos on the problems of cargo’ vontllatlon.

Sw. fr. 83— .

56. TP. 24 - Regional charts of meteorological observing station
networks - Region .| - Africa. Blllngual (English
and French). 1st edition. Sw. fr. 10—

" = Cartes régionales des résoaux ‘de stations d'obser-
vation météorologiques - Région | - Afrique. Bilingue
(anglais et francais). 1~ édition. Fr. s. 10—

Fr. s. 10—
68. TP. 26 - Aviation aspects of mountain waves. Sw. fr. 7.—

1. TP. 27 - Observational characteristics of the jet stream.
Sw. fr. 9.—

72. TP. 28 - The climatologlcal investigation of soli temperature -
Measurement of evaporation ; humidity in the bio-
_sphere and soil moisture. E Sw.fr. 5—

73. TP. 29 - Preparing ciimatic data for tho user. Sw.fr. 4—

76. TP. so-Motoorolouy as applled to the navigation of ships.

Sw. fr. 4—

77. TP. 81 - Turbute.. dlﬂuslon in tho atmosphere. Sw. fr. 7.—

82. TP. 82— Design of hydroloﬁio;i networks - Techniques for
surveying surfaoo-wator esources. SW. fr. 4—

_56. TP. 83 - Regional charts of motooroloolcal observlno station ~

" networks - Region V - South-West Pacific. Bilinguai
(English and French). 1st edition. Sw.fr. 10—

- Cartes régionales des réseaux de stations d’obser-

- vation météorologiques - Régicn V -Pacifique Sud-
Ouest. -Bilingue (angiais et frangals). 1™ é&dition.

Fr.s. 10—~
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WMO - No.

§6. TP. 34 - Regionai charts of meteorological observing station
networks - Region Ili - South America. Biilingual
(English and Spanish). 1st edition. Sw.fr. 10.—

- Cartes régionales des réseaux de stations d'obser-
vation météorologiques ~ Région Il - Anvérique du
Sud. Bilingue (anglais et espagnof). 1™ :dlﬂor;b

r. 8. 10—

84. TP. 35 - Use of ground-based radar in meteorology (excluding
upper-wind. measurements). Sw.fr. 9~

$6. TP. 36 - Reglonai charts of meteorolugical observing station
networks - Reglon IV = North and Central America.
Bilinguai (English and Spanish). 1st edition.

- Cartes réglonaies des réseaux de stations fi'obger-
vation météorologiques - Région IV - Am
Nord et Amérique centraie. Bllingue (ahg of
espagnol). 1" é&dition. Fr.5. 10—

80. Ti’. 37 - Seasonal pecuiiarities of the temperature and atmo-
spheric circulation regimes in the Arctic and Antarc-
tic. ‘ - Sw.fr. ',1.—

o4. TP. 38 - Upper-air network requirements for numerical
weather prediction - Rapport préliminaire du Groupe
de travall de ia CMS sur ies réseaux. Sw. fr. 14.—

85. TP. 39 - Les représentations graphiques en météor;_:loolei
r. S, 3.—

96. TP. 40 - Meteorologicai service for aircraft employed in
agriculture and forestry. - Sw. fr. 3—

97. TP. 41 - Meteorological aspects of the peaceful uses of
atomic energy. Part | - Meteorologicai aspects of the
safety and iocation of reactor piants. Sw.fr.5.—

§6. TP. 42 - Regional charts of meteorological observing station
networks - Region Il - Asla. - 's'rilingual (English-
French—Russian). 1st edition. Sw. fr. 10—

- Cartes régionales des réseaux de stations d'obser-
vation météorologlgues - Région Il - Asle. Trilingue

(anglals-francais-russe). 1™ édition. Fr.s. 10—

98, TP. 43 - The airflow over mountains. Sw. fr. 22—

100. TP. 44 - Guide to Climatological Practices. Sw. fr. 15—
- Guide des pratiques climatologlques. Fr.s. 16—

108. TP. 4s- Techniques for high-level analysls and forecasting
of wind- and temperature flelds. Sw. fr. 8—

- Technlques d'analyse et de prévision des champs
de vent et de température & haute aititude.

Fr.s. 8—
108, TP. 46 - Ozone obsbrvations and their meteorological appii-
cations. _Sw.fr. 5~

109. TP. 47 - Aviation hail problem - Turbulence in clear air and
in cloud - Ice formation on aircraft - Occurrence and
forecasting of Cirrostratus clouds. Sw.fr. 8—

110. TP. 48 - Climatic aspects of the possible establishment of the
Japanese beetle in Europe -~ Forecasting for forest
fire services. Sw. fr. 6.—

111. TP. 49 - Meteorological factors Inﬂuenclno the transport and
- removal of radioactive debrls. Sw. fr. 8~
113. TP. 50 - Weather and Food. O Sw.fr. 2—
"= Le temps et ia productlbn alimentaire. - Fr.s. 2.—
.~ El tiempo y la alimentacién. . Fr.s. 82—
114 TP. 51 - Guide. to Qualifications and Training of Meteoro-
ogical personnel employed .in the Provision of

Meteorological Services for Interrationai Air Naviga-
tion. Sw. fr. 4—

4

WMO - No.

- Guide des qualifications et de la formation du per-
sonne! météorologique employé & la protection
météorologique de ia navigation aérienne interna-
tionale. Fr.s, 4—

117. TP. 52 - Ciimatologicai Normals (CLINO) for CLIMAT and
CLIMAT SHIP stations for the period 1931-1960.
Biiingual (English and French). Sw.fr. 10.—

- Normales climatologiques (CLINO) relatives aux sta-
tions CLIMAT ot CLIMAT SHIP pour la période
1931-1960. Bilingue (anglais et francais).

Fr.s. 10—

118. TP. 53 - Numerical methods of weather analysis and fore-
casting. Sw. fr. 4.—

119. TP. 54 - Performance requirements of aerological instru-
ments. Sw. fr. 4.—

124. TP. 55 - Methods of forecasting the state of sea on the basis
of meteoroiogical data - Precipitation measurements
at sea. Sw. fr. 6—

126. TP.56 — The present status of long-range forecasting in
the worid. Sw.fr. 4.—

127. TP. 57 - Catalogue of Ozone Stations. Bllingual (English and
French). Sw.fr. 5§—

- Catalogue des stations d‘observation de I'ozone.
Bilingue (anglais et francais). fr.s. 5.—

131. TP. 58 - Reduction and use of data obtained by TIROS
meteorologlcal satellites. Sw.fr. 6.—

132. TP.59 - Le probldme de la formation professionnelle du
personnel météorologique de tous grades dans les
pays insuffizamment développés. Fr.s, 4.—

133. TP. 60 - lsrotectlon agalinst frost damage.

Sw.fr. 6.—
134. TP. 61 - Guide to Agricultural Meteoroloolcal Practices.
Sw. fr. 12.—
- Guide des pratiques de météorotogie aorlcole.
Fr.s, 12—
135. TP. 62 - Automatic weather stations. Sw.fr. $.—

- Stations météorologiques automatiques. Fr.s. $.—

138, TP. 63 - The effect of weather and climate upon the keeping
quality of fruit. Sw. fr. 8§.—

138. TP. 84 - Meteorology and the migration of Desert Locusts.
Applications of synoptic meteorology in locust

control. Sw.fr. 25—
140, TP. 65 - The influence of weather conditions on the occur-
rence of apple scab. Sw.fr. 5—
141. TP.66 - A study of agroclimatology in semi-arid and arid
zones of the Near East. Sw. fr. 6.—
= Une étude d'agroclimatologie dans les zones arides
ot semi-arides du Proche-Orient. Fr.s. 6.~
143. TP. 67 - Weather and Man. Sw.fr. 2.—
" = Le temps et i’'homme. Fr.s. 2.—
. - El tlémpo y el hombre. . Fr.s. 2.—
1“. TP.GB Utlllzatlon of alrcraﬂ meteorological reports.

Sw. fr. 4.—

148. TP.OO Tidal phenomena in the upper atmosphere. "

. 8=

. TfP. 70 - Windbreaks and sheiterbeits. Sw.fr. 10—
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151. TP. 71 - Guide to the Preparation of Synoptic Weather 176, TP. 87 - The circulation in the stratosphere, mesosphere
Charts and Diagrams. Sw.fr. 6.— and the lower thermosphere. Sw.fr. 18.—
- Guide pour la préparation des cartes et des dia- _ .
grammes de météorologie synoptique. Fr.s. 6.— 178. TP. 88 - Statistical analysis and- prognosls in mse‘:ft;?lg’g.!:
152. TP. 72 - Report on meteorological training facilities. 179. TP. 89- The preparation and use of weather maps by
Sw.fr. 6— mariners. Sw.fr. 18—
- ?;g:fqut‘es.ur les possibilités de formatl:: :‘6'::: 180. TP. 90 - Data processing in meteorology. Sw.fr. 11.—
_ . 182, TP. 91 - International Meteorologlcal Vocabulary. Quadri-
153.7P. 78 ::)eg:?‘:?loglcal soundings In the ug:?rfr.atr:g lingual (English - French - Russian - Spanish).

154, TP. 74 - Note on the standardization of pressure reduction
methods in the international network of synoptic
stations. Sw.fr. 3.—

185. TP. 75 - Problems of tropical meteorology. Sw.fr. 5.—
158, TP. 76 - Sites for wind-power installations. Sw.fr. 5.—

159. TP. 77 - High-level forecasting for turbine-engined aircraft
operations over Africa and the Middle East.
Sw. fr. 24.—

160. TP. 78 — A survey of human biometeorology. Sw.fr. 14.—

162, TP. 79 - WMO-{UGG Symposlum on Research and Devel-
opment Aspects of Long-Range Forecasting.
Sw. fr. 40.—

165. TP. 80 - The present situation with regard to the application
of numerical methods for routine weather predic-
tion and prospects for the future. Sw.fr. 6.—

166. TP. 81 - Meteorology in the Indian Ocean. Sw.fr. 2.—
168. TP. 82 - Guide to Hydrometeorological Practices.

Sw. fr. 30.—
169. TP. 83 - Meteorological aspects of atmospheric radio-
activity. Sw.fr. 18.—

170. TP. 84 - Short-period averages for 1951-1960 and provi-
sional average values for CLIMAT TEMP and
- CLIMAT TEMP SHIP stations. Bilingual (English
and French). Sw.fr. 36.—

- Moyennes portant sur de courtes périodes (1951-
1960) et valeurs moyennes provisoires relatives aux
stations CLIMAT TEMP et CLIMAT TEMP SHIP.
Bilingue (anglais et francais). Fr.s. 36—

171. TP. 85 - Meteorology and the Desert Locust. Sw. fr. 30.—

174. TP. 86 - Catalogue of meteorologica! data for research
(Part ). Sw.fr. 30.—

Sw. fr. 40.—

- Vocabulaire métécrologique international. Quadri-
lingue (anglais - franc¢ais - espagnol - russe).

Fr.s. 40.—

183. TP. 92 - World Weather Watch. Sw.fr. 1.—
- Vellle météorologique mondiale. Fr.s. 1.—

- Vigilancia meteorolégica mundial. Fr.s. 1.—

- Bcemupnana caymkGa moroau. Fr.s. 1.—

186. TP. 93 - Manual of aerodrome meteorological office prac-
tices. Sw.fr. 20—

- Manuel du fonctionnement des centres météoro-
logiques d'aérodrome. , Fr.s. 20—

188, TP. 94 - International meteorological tables. Sw. fr. 20.—

~ Tables météorologiques internationales.
. Fr.s. 20.—

189. TP. 95 - Data-processing by machine methods.
Sw.fr. 5—

190. TP. 98 - The use of satellite pictures in weather analysis

an_d forecasting. Sw.fr. 24—
181. TP. 97 - Instruments and measurements in hydrometeo-
rology. Sw.fr. 7.—
192. TP. 98 - Lower troposphere soundings. Sw.fr. 5—

193, TP. 99 - Use of ground-based radar in meteorology (ex-
cluding upper-wind maasurements). Sw.fr. 14.—

195. TP. 100 - Climatic change. Sw.fr. 7.50
196. TP. 101 - Utilization of aircraft meteorslogical reports.

) Sw.fr. 6.—
197. TP. 102 - Manual on meteorological observing in transport
aircraft. Sw.fr. 4.—

199, TP. 103 - Some methods of climatological analysis.
Sw.fr. 6.~

Other serles of publicalions issued by the WMO Secrelariat : Basic documents, Records, Reports and the WMO Bulletin.

S

<}

RS

Yy

e g




